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HISTORICAL 
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* From the Courtauld Institute of Biochemistry, Middlesex Hospital, London, W.1 
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III. Discussion 
The circulation of the aqueous - 
The theory of dialysation 
(i) Question of expenditure of energy 
(ii) The chemical equilibrium 
(a) Non electrolytes - - - - 
(b) Electrolytes - 2 - - - - 
(iii) Chemistry of abnormal and plasmoid aqueous~ - 
(iv) Osmotic equilibrium - - - - - - 


(v)- The relation between the intra-ocular penne 
and osmotic pressure of the plasma - - 


(A) After intravenous hypotonic, hypertonic 
and isotonic crystalloid injections - : 


(B) After colloid injections - - - - 
(C) Injections given after haemorrhage - 
The relation between oedema and the intra-ocular pressure 
The Canal of Schlemm 
Structure 
Pressure - - - 
Connections - - 
Pressure relationships - 
Functions of Canal of Schlemm— 
Removal of aqueous by 
(a) Pressure filtration - 
(6) Osmotic attraction - 
(c) Safety-valve mechanism 
(d) Active absorption - - 
The Secretory Theory - - - - 


IV. CONCLUSIONS 
V. SUMMARY 


FoR many years there has been controversy regarding the 
mechanism of formation of the aqueous humour. The intra-ocular 
fluid has in turn been regarded as a secretion, exudate, transudate 
and dialysate, and various arguments have been brought 
for and against the various concepts. It is proposed here to refer 
only very briefly to the main theories of aqueous humour formation 
as detailed critical investigations have been carried out by pre- 
vious writers. 
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The Secretory Theory :—The theory of secretion demanded the 
presence of certain cells whose special function was to produce 
aqueous humour and support for this view has been obtained 
chiefly anatomically, by cytological and electrical evidence of 
cellular activity, and by the stimulation of secretion by the action 
of drugs such as eserine. The ciliary body was believed to be the 
active gland. 

The Transudation Theory:—In the transudation theory, the 
aqueous was held to be produced by a simple process of filtration 
at the ciliary body to circulate through the eye from the posterior 
to anterior chamber and thence find its exit at the canal of 
Schlemm. 

The Dialysation Theory :—In the theory of dialysation, investi- 
gators have been influenced by comparative chemical studies of the 
blood and aqueous, and on the appearance in the aqueous of 
foreign substances such as fluorescein when injected into the 
blood stream. They,have maintained that the aqueous was in 
osmotic and hydrostatic equilibrium with the capillary blood of 
vessels within the eye. 

More recent views are that the aqueous humour is a dialysate 
and this has been based on a study of the chemical equilibrium, 
the chemical constitution of the abnormal aqueous, the osmotic 
equilibrium and the variations in the intra-ocular pressure following 
osmotic variations in the blood. A great deal of this work has 
been done by Duke-Elder (1926-1936) and it is proposed briefly to 
summarise the lines of his investigations, and later on in the paper 
to discuss his conclusions. 

It will be remembered that Duke-Elder has re-measured the 
pressure relationships in the vessels of the eye and these were 
found to be— 

arterial pressure 75 mm. Hg. 

venous pressure 23 to 24 mm. Hg (1 to 2 mm. above the 

intra-ocular pressure). 

From these pressure relationships he concluded that fluid inter- 
change was possible throughout the eye as a whole. The attrac- 
tion of fluid back to the blood vessels was believed to be 
accomplished by the osmotic attraction of the plasma proteins 
‘‘ inasmuch as the venous pressure in the eye is normally higher 
than the intra-ocular pressure, a hydrostatic outflow is im- 
possible.” 


The Chemical Equilibrium 


I (a) The distribution of the electrolytes—Before going on to 
a general discussion of the electrolytic equilibrium that exists 
between the intra-ocular fluid and the blood, it is proposed very 
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briefly to mention the Donnan theory of equilibrium (1911), 
because this will help in the explanation of the various relation- 


ships between blood and aqueous humour which are to follow. 


The following diagram represents two electrolytes Na R and Na 


Cl separated by a membrane (indicated by a vertical line). 
Na ~ Na 
R | Cl 
(1) | (2) 
lf the membrane is impermeable for the anion R of a salt Na R 


(and also for the non-dissociated part of the salt Na R) but per- 


meable for all the other ions and salts, then when equilibrium has 
been established the following condition will exist. 








Na Na 
R 
Cl | Cl 
= qa) ans | (2) 


The solution containing the impermeable anion to the left of the 
above membrane is known as ‘‘ phase L’,”’ while that on the other 
side.is known as ‘‘ phase L?.’’ 


Although in theory the formula for the equilibrium of the ions 


across the membrane should be expressed in terms of activities 


most writers have used the simple formula (No. 1) which is valid 


on the assumption that the activities of the ions are equal to 


their concentration in grams molecules per litre of solution and 
that the osmotic pressure is low. 


+ _ + _ 
(No.1) [Na], x [Cl], = [Na], x [Ct}, 
where the brackets signify molar concentrations. 
Thus the product of any pair of diffusible cations and anions 


on one side of the membrane is equal to the product of the same 
pair of cations and anions on the-other side. On the side of the 


membrane containing the non-diffusible R (Na), is the sum of— 
(i) cations formed by the dissociation of Na R 
and (ii) cations formed by the dissociations of Na Cl. 


On the other side of the membrane (Na), is the concentration of 
ions only in combination with Cl, and obviously these concentra- 


tions of [Na], and [CI], must be equal. In the phase L! the 


concentrations [Na}* therefore exceeds [Ci]}'. In the phase 
L? [Na}? and [CI]? must be equal. Since the products of the 
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concentrations are the same in both phases it follows that [Na]", 
which is greater than [Cl], must be greater than [Na]? and that 
[Cl]' must be less than [C1]’. 


t.€. s— 
Na, > Na, 
and Cl, < Cl 


This inequality in the distribution of electrolytes is frequently 


met with in biological fluids, and this phenomenon has been in- 
vestigated in the aqueous humour. The ocular equilibrium has 


thus been demonstrated— 








P = (Plasma protein) | 
+ | + 
Na Na 
Cl | Cl 
Plasma Capillary wall Aqueous humour 


On the left of the capillary wall is the plasma containing among 
its other constituents sodium proteinate which is unable to 


permeate the capillary wall into the aqueous chamber and sodium 
chloride which freely traverses the membrane. To fulfil the 


Donnan equation when equilibrium is established, the product of 
the concentrations of sodium and chloride in the plasma must 
equal the product of the concentrations in the aqueous. Since 
there is a non-diffusible sodium salt of protein, in the plasma, it 
follows’ there must be more sodium on the plasma side of the 
membrane, and to equalise the concentration of diffusible ions, 
there must be more chloride on the aqueous side of the membrane. 
Thus— 


+ _ + _ 
[Na]of plasma x [Cl] of plasma= [Na] of aqueous Xx [Cl] of aqueous 
+ + 
and [Na] plasma > [Na] aqueous 


and [€l] plasma < [Cl] aqueous 


In making comparative chemical studies of the blood and 
aqueous humour, difficulties have always been encountered with 
regard to the small volume of aqueous humour available. In 1924 
Lehmann and Messmann (1924) noted that the concentration of 
chloride was higher in the aqueous than the blood, and they sug- 
gested that the Donnan equilibrium existed. Later, Duke-Elder 
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(1927, @ and b) analysed a sample of aqueous humour that had 
been obtained from the eyes of horses immediately after their 
slaughter and compared this with the serum of a healthy horse. 
He found the relative concentrations of sodium and chlorine to 
be in millimols per litre— 


Chlorine of aqueous ... a sha ee 
Chlorine of blood se a8 he Jp 103 
Sodium of aqueous __... es a Ae 121 
Sodium of blood ... We ee Le ee 145 


Making the theoretical equation— 
[Na] aqueous X [Cl] aqueous = [Na| blood x [Cl] blood 
121 xX 123 om 145 x 103 
or 148°83 = 149°35 
Duke-Elder therefore concluded that the aqueous was a dialysate. 
(b) Non-electrolytes.—According to the Donnan theory, diffu- 
sible non-dissociated substances ought to be in equal concentra- 
tions in the aqueous humour and the blood. A summary of Duke- 
Elder’s figures was— 





| AQUEOUS HUMOUR BLoopD 
| mgs. per 100 mgs. per 100 | més. per 100 mgs. per 100 
| c.c. solution | grams water | c.c. solution | grams water 








Non- protein nitrogen | 23°6 23°6 23°9 25°6 
Urea pl eii athe’ 280 ~=| ~~ 280 27°0 28°9 
Creatinine - | 2°0 2°0 2°0 2°1 
*Sugar’’- - | -98°3 98°6 91°0 97°4 
Amino-Acid — - ee 2°9 3°5 3°7 











Duke-Elder stated that a correction factor must be applied to 
aqueous humour and blood in comparing the distribution of 
diffusible constituents to allow for the difference in solid displace- 
ment due to the unequal mass of solute. Thus the proteins of the 
serum only appear in traces in the aqueous humour. A correc- 
tion factor of 1°003 to the aqueous and 1:07 to the serum was 
applied. From his results it can be seen that with the exception 
of the amino-acid nitrogen which Duke-Elder considered ‘‘ too 
variable a quantity to permit reliable deductions to be made from 
it when the method of collecting materials is borne in mind,’’ these 
non-dissociated substances are equally distributed in aqueous 
humour and blood. He also compared the sugar in the aqueous 
and blood in the same animal, using three rabbits. The average 
reducing substance for the three rabbits was— 





ee f& fr. > ee ce eit BO) Gee eee e. ate a es 


—— 


FORMATION AND EXIT OF INTRA-OCULAR FLUIDS 407 


Aqueous humour... _...._-—-:151 mgs. per 100 c.c. 
Arterial plasma... ee 158 _,, ” ” 
Venous plasma _... eects kak outa Stiaas 


and his results confirmed his previous conclusions. 

Il. Chemical Constitution of the Abnormal Aqueous —Con- 
current salt-and sugar estimations were made on rabbits before 
and after the formation of plasmoid aqueous and in each specimen 
of plasmoid aqueous formed, the percentage of protein was 
estimated. Duke-Elder maintained that his results showed no 
change in sugar content but that an alteration in the chloride 
content compatible with a dialysation took place. 

III. The Osmotic Equilibrium.—The osmotic pressure of the 
aqueous humour has been studied by many investigators since 
Dreser (1892) determined the freezing point depression of the 
intra-ocular fluid of the cow in 1892. Duke-Elder compared the 
osmotic pressure of the blood and aqueous humour by direct 
measurement in the following manner. The colloid osmotic 
pressure of the plasma:—In the first place the difference in the 
osmotic pressure between the plasma and the aqueous humour was 
demonstrated by equilibrating the blood with the aqueous humour. 
This was measured with a micro-osmometer using a cellophane 
membrane impermeable to colloids, and the osmotic pressure of 
rabbit plasma was found to exceed that of the aqueous humour 
by about 20 mm. Hg. Different species of animals were studied 
and it was found that the excess of osmotic pressure of the plasma 
over the aqueous humour varied directly with the amount of pro- 
tein present. 

The osmotic pressure of the crystalloids——The membrane em- 
ployed in the previous experiment though impermeable to the 
colloids, allowed free permeation of the crystalloids. Variations 
in the distribution of the crystalloids was determined by estimating 
their concentration before and after equilibrium had been estab- 
lished, and this was done by electrical conductivity measurements, 
it being assumed that the measure of its conductivity under con- 
stant conditions was an accurate index of its salt concentration. 
His measurements showed that there was no alteration in the total 
concentration of the dissociated salts in the aqueous after time 
had been allowed for equilibration between aqueous and arterial 
plasma. He excluded any change in the concentration of any. of 
the undissociated crystalloids by determining the concentration 
of sugar in the aqueous before and after the experiment. He 
concluded that ‘‘ the osmotic pressure of the aqueous is equal to 
that of a dialysate of the blood in the arterial capillaries.’’ 

IV. Relation between the Osmotic Pressure of Aqueous 
Humour and Blood.—By assuming that the aqueous humour was 
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a dialysate, Duke-Elder has maintained that. the pressure of the 
eye is preserved normally by a balance between the hydrostatic 
pressure in the capillaries and the difference in osmotic pressure 
between the aqueous humour and capillary plasma. He has con- 
tended further that the intra-ocular pressure may be made to vary 
by disturbing the equilibrium between the blood and the eye, and 
he has sought to demonstrate this by altering the osmotic concen- 
tration of crystalloids and colloids in the plasma. His experiments 
were roughly divided into the following three groups. 

1. Alteration in the crystalloid content of plasma by the intra- 
venous injection of 


(a) Hypotonic solutions. 
(b) Hypertonic solutions. 
Using an injection of isotonic saline as a control. 

2. Alteration in the colloid content of the blood by injection 
intravenously of 15 per cent. aqueous gum acacia. 

3. Alteration in the osmotic pressure of the blood by first 

(a) Bleeding an animal. 
and (b) Replacing the volume removed by 6 per cent. gum 
acacia in Ringer, by 15 per cent. aqueous gum acacia, 
or by saline injections. 
Experiments of a similar nature were also carried out on the 
‘* perfused eye.’’ From these experiments he felt he had estab- 
lished that the changes in the intra-ocular pressure, apart from 
those caused by capillary blood pressure, were explained by the 
osmotic outflow and inflow of fluid, the eye sharing ‘‘ in the 
general dehydration and water-logging of all tissues of the body 
which follows a change in the osmotic value of the blood.”’ 

Thus Duke-Elder has maintained that the aqueous humour has 
been proved to be a dialysate from the chemical analysis of normal 
and abnormal aqueous humour, its osmotic pressure, and finally, 
by the relationship which existed between the osmotic pressure 
of the blood and the aqueous. It was felt that several of these 
later experiments of Duke-Elder’s on the osmotic relationship 
between blood and aqueous warranted a very careful investigation 
in view of some of his unorthodox findings in certain experiments. 
In the discussion a full review is given of the experimental work 
carried out by previous investigators on the interchange of fluid 
following an alteration in the crystalloid content of blood which 
is represented by Duke-Elder’s first group. In the experimental 
section, experiments have been designed to include the other two 
groups. It was decided in repeating his experiments to pay par- 
ticular attention to the variations in the total volume of blood and 
the tissue dehydration following the artificially produced varia- 
tions in its oSmotic pressure. 
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Finally, a critical survey is made of all the evidence that has 
been brought forward in favour of the aqueous humour being a 
dialysate. 


Experimental 


Cats anaesthetised by intraperitoneal injection of ‘‘ nembutal ”’ 
(sodium ethylmethy! butylbarbiturate, Abbot Laboratories, Mont- 
real), 0°5 c.c. (0:03 grams) per kilogram of body weight, were the 
sole animals employed. A canula in the carotid or femoral artery 
was used for blood samples, while a canula in the jugular vein 
was used for the infusion. 

Total ‘Blood Volume.—Details of the methods employed have 
been given in a previous paper by J. D. Robertson (1935). 
Changes in the blood volume were determined by haemoglobi- 
nometry. The colorimetric acid haematin method of Newcomer 
(1919) was adopted. Mendel and colleagues (1916) also O. 
Robertson and Bock (1919) have carefully investigated and proved 
the accuracy of this method of determining the blood volume under 
conditions which included the present experiments. 


TABLE I 





Time Haemoglobin 
per cent. 


9.19 a.m. he Sample of blood withdrawn (3°5 c.c.) = 100 
9.19-9.30 a.m. - 43 c.c. of 15 per cent. gum in water 
| injected 
9.30 a.m. - | 2 ce, sample withdrawn 
9.35 | 
9.40 
9.45 


10.0 
10.15 
10.30 
11.0 
11.30 
12.30 p.m. 
1.30 
3.30 
5.30 
7.30 
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Experiment 1:—The interchange of the fluids after the intra- 
venous injection of 15 per cent. gum acacia in water. Five cats 
were employed and below is given a protocol of one experiment. 
Weight of cat=3:34 kg. 

Calculated blood volume 70 c.c. per kg/=3:34 x 70=234 c.c. 

The blood volumes at various intervals after the injection of gum 
were calculated in the following manner. Immediately after: Let 
X be volume immediately after— 


234 x 100 = 69X + 3°5 x 100 


er 69 =< 331 c.c., or 99 c.c./Kg. 
Below in table II are recorded in detail the changes which took 
place in the blood volume following the intravenous injection of 
15 per cent. gum acacia. — It expresses the mean of five experi- 
ments. In the column for the haemoglobin percentage, allowance 
is made for the blood removed for samples. 





TABLE II 





Haemoglobin Blood volume c.c./Kg. 





Per cent. 


Before : i - - 100 70 


Injection of 15 per cent. gum 
in water 


Volume given 13 c.c. per Kg. (84 83 Theoretical) 

Immediately after injection - 70 100 Actual volume 
5 mins. after - - - 63 112 

10 - - - 58 121 

15 - - - 57 122 

30 . 57 122 

45 - - : 57 122 

60 - 63 111 
2 69 101 
3 - - - 43 96 
4 - - - 81 86 
6 86 81 
8 95 74 


10 See ey 70 
24 hs ccna 68 














>a or © ® me 


re - Oe FRO 
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During the injection of 15 per cent. gum in water, there was an 
attraction of fluid from the fluid depéts throughout the body and 
at the end of the injection, fluid had entered the vascular system 
to the extent of 17 c.c. per kg. This attraction of fluid continued 
for another ten minutes, then for the next thirty-five minutes the 
blood volume remained constant at 60 per cent. above its normal. 
One hour after the injection, the blood volume was falling ; between 
four and six hours after the injection the blood volume had fallen 
to its theoretical amount, the vascular system having discharged 
the volume of fluid attracted from the tissues; and ten hours after 
the injection, the blood volume had returned to normal. 

That the kidneys are not essential initially in disposing of the 
extra fluid added to the blood was proved by repeating the above 
experiment after bilateral nephrectomy. A similar curve was 
obtained. Leathes (1896), however, has previously demonstrated 
that restoration of blood volume after intravenous injections, took 
place as rapidly in animals with bilateral nephrectomy as in intact 
animals. 

In subsequent experiments it was endeavoured to follow, as 
closely as the published details would allow, the technique and 
procedure adopted by Duke-Elder but several inconsistencies be- 
came apparent. 

(1) The anaesthesia employed by him was an ether induction 
then maintained by chloralose (a compound of equal parts of 
glucose and chloral hydrate). Dryer and Walker (1913) have 
shown that chloral hydrate in quantities sufficient to produce 
anaesthesia causes a rapid concentration of the blood with a cor- 
responding fall in blood volume and rise in tissue fluid volume. 
Thus experiments which are designed to demonstrate the fluid 
interchange become vitiated when use is made of chloralose as an 
anaesthetic. 

(2) His procedure in bleeding was described (1927c): ‘‘ the 
femoral artery was opened and allowed to bleed until the blood- 
pressure had fallen to about one-half of its original height ... . 
the volume of blood was made up by the intravenous injection of 
an osmotically equivalent solution of gum arabic in Ringer (or a 
15 per cent. gum arabic solution or physiological saline) until the 
blood-pressure had reached its original height.”’ 

No details were given as to— 


rate of haemorrhage, 

volume of blood removed, 

volume of fluid injected, 

rate of injection of fluid, 

the time intervals between the observations, 
and (f) there was no time tracing on the charts. 





( 
( 
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These details are of importance, for example—If the haemorr- 
hage is a rapid one, less blood will require to be removed to 
reduce the blood-pressure to half, than. if the blood is removed 
slowly. 

Again, a smaller volume of gum can raise the blood pressure to 
normal if introduced rapidly into the vein. 

(3) He has written that the ‘‘volume of blood was made up ”’ 
by the intravenous injection of various solutions. J]. D. Robertson 
(1935) has shown that during a haemorrhage there is a prompt 
and immediate transfer of fluid from the fluid stores throughout 
the body to the vascular system to make good the deficit in blood 
volume. This transfer of fluid is so immediate that if samples are 
taken of the blood as it is removed from the carotid, a steady 
dilution of the haemoglobin is seen. From experiments carried 
out on haemorrhages varying from 12 to 37-5 per cent. of the total 
blood volume, so rapidly did this transference of fluid from the 
reserves of the body take place that immediately the haemorrhage 
had ceased equilibrium in the blood volume had practically been 
established. Notable exceptions were in the cases where the 
haemorrhage exceeded 30 per cent. of blood volume, and in these 
the blood volume continued to increase beyond the normal level 
until death took place in about ten minutes. Although equilibrium 
in blood volume had been established immediately the haemorrhage 
had ceased, it was noted that the post-haemorrhage blood volume 
was not quite so great as the original blood volume. The differ- 
ence was, however, small, the average blood volume being in the 


TABLE III 


Fluid from tissues 
during hemorrhage 





Vol. of - Plasma removed 
blood Dura- To To | (original plasma) 
removed) | tionof | circu- | hemor- | wr oserne oF BD —~ 
as per- | hemor- | lating rhage | Total Vol. Total | Vol. 
Exp. | centage| Weight rhage | blood | blood | vol. perkg. ' vol. per min. 
No. | of total; in kg. (min.) A | + per min. ” od | per kg. 
t { 
| j 
79 12 2-76 19 20 36 | 18 3°25 
2 | 165} 45 | 20 | 37 1-64 
Al} ga | 434 | 36 | 37 1:7 | 42 1-94 
7 | 25 | saz | 24 28 18 | 38 2-40 


ae see oe | 33 | 36 1:7 | 49 2-40 
74 30 3-4 | | 29 32 16 | 55 2:70 
75 32 | 3°26 84 2-9 67 2-06 
78 | 375 | 370 57 77 15.] 72 1-40 


| 
| 
| 
| 





} 'Mean=2-1 | \Mean=2°2 


1) Tissue fluid was entering vascular system during haemorrhage at 2°1 c.c./min./kg. 
2) Plasma fluid was removed by bleeding at average rate of 2°2 c.c./min./kg. 
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region of 64 c.c./kg. or almost 92 per cent. of the original blood 
volume. Table III from J. D. Robertson (1985) demonstrates 
the interchange of fluid observed. 

It can be seen that the withdrawal of plasma by haemorrhage was 
at the rate of 2 c.c. per min. per kg. of body weight, while the 
entrance of fluid from the tissues and fluid reserves to the vascular 
system during the haemorrhage was 2:1 c.c. per min. per kg. 

It was therefore decided to employ a uniform technique for all 
experiments and at the same time to follow in the main Duke- 
Elder’s experiments. The animals were all bled 20 per cent. of 
their calculated blood volume (assuming the blood volume to be 
70 c.c. per kg.) and at the rate of 2 c.c. per minute per kg. body 
weight. The intravenous solution equal in volume to the haemorr- 
hage was injected at the rate of 4 c.c. per minute per kg. immedi- 
ately the haemorrhage was finished. 

Experiment 2:—The interchange of fluid after cats had been 
bled 20 per cent. of their blood volume followed by the intra- 
venous injection of 6 per cent. gum acacia in physiological saline. 


TABLE IV 


Time Blood volume per kg. 
_(c.c.) 
Before experiment - - re 70 


20 per cent. of blood volume removed by haemorrhage, then an 
equal volume of 6 per cent. gum in physiological saline given 
intravenously. 


Immediately after 90 
5 mins. after - 94 
10 95 
15 | 95 
30 94 
45 91 
60 | 88 
2 hours - - 87 
Re ps Sra a rea ea 87 





It is seen that following a haemorrhage and the intravenous in- 
jection of an equal amount of 6 per cent. gum acacia in Ringer, 
the theoretical blood volume is exceeded. 

Fluid is attracted from the tissues to the extent of twenty-five 
c.c. per kg. until fifteen minutes after the injection. Then fluid 
begins to flow back to the tissues but three hours after the injection 
the blood volume was still above normal (i.e., the tissues were still 
dehydrated). 
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Experiment 3:—The interchange of fluid after cats had been 
bled 20 per cent. of their blood volume followed by the intra- 
venous injection of 15 per cent. gum acacia in water. 


TABLE V 





Blood volume per kg. 
Acc.) 


Before experiment 70 

20 per cent. of blood volume was removed, then an equal amount 
of 15 per cent. gum acacia injected intravenously. 

Immediately afterwards - 88 

91 

98 


5 mins. after “ = 


10 


97 
92 


91 
89 


87 


30 
45 
60 
2 hours 


| 
| 
| 
| 
15 ad 96 
| 
| 


TABLE VI 
Time Blood volume per kg. 
Ee ae 
Before experiment - : - | 70 


22 per cent. of blood volume was removed, then 0°9 per cent. 
NaCl given intravenously, in amounts equal to the blood 


removed by bleeding. 
Immediately afterwards - | 82 


5 mins. alter ‘ . 77 
10 - - ae 75 


” 


15 : - - - 72 
30 - 72 
45 mM 12 
60 wey 72 
90 - - | 71 

2 hours 69 

3 | 68 


”” 
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The haemorrhage and the intravenous injection of 15 per cent. 
gum acacia was followed by an attraction of fluid from the tissues. 
The blood volume reached its maximum ten minutes after the 
injection, then fluid gradually began to leave the vascular system 
for the tissues. At the end of three hours the blood volume was 
still above normal. 

Experiment 4:—The interchange of fluid after a 22 per cent. 
haemorrhage followed by the intravenous injection of 0°9 per cent. 
NaCl. 

Immediately after the intravenous saline, the blood volume was 
greater than its theoretical normal, indicating the presence of 
dehydration. Fluid then began to leave the vascular system but 
only at the second hour did the tissues contain more fluid than 
normally, and even at the end of the third hour the blood volume 
was still 97°0 per cent. of normal. 


Discussion 


The Circulation of the Intra-ocular Fluids :—Intimately bound 
up with the various theories on the mechanism of the formation 
of the intra-ocular fluids is the question whether any circulation 


exists in the fluids of the eye or not. It has been differently stated 
that there exists a continuous through and through circulation 


and again that no circulation exists whatsoever. The idea of a 


stagnant aqueous was first put forward by Hamburger (1900-1923) 
and received support from Weiss (1904-1925) and Magitot (1917- 
1928). They maintained that the only movement present was an 
interchange of fluid and ions across the capillary membrane all 
around the eye. Adherents of the Leber school including Nuel and 
Bendit (1900), Seidel (1918-1920), Ulbrich (1907-1908) and 
Priestley-Smith (1927) believed that a through and through circu- 
lation existed with its origin at the ciliary body and its exit at the 
canal of Schlemm. It was only natural that these views on the 
movement of the aqueous should influence these investigators in 
their theories on the formation of the intra-ocular fluids ; thus those 
who maintained the aqueous humour circulated, believed it was 
formed by secretion or transudation, while those who said the 
aqueous humour was stagnant, believed it was formed by a dialysis. 
But a third and intermediate view has been put forward among 
others by Wessely (1921-1929) and Friedenwald and Pierce (1931- 
1933). They held that although the aqueous humour was in 
chemical, osmotic and thermodynamical equilibrium with blood 
plasma, nevertheless a through and through circulation existed. 
The views of Duke-Elder, one of the strongest protagonists of the 
dialysis theory, on the circulation of the intra-ocular fluids are 
well known to sieldhans of this journal. 
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Duke-Elder’s monograph drew from Priestley Smith the 
criticism (1927) that he had not made his position regarding the 
circulation of the intra-ocular fluids clear. Duke-Elder (1927d) 
met this by the further statement—‘‘ I therefore conceive of the 
eye as containing a fluid in membrane equilibrium with capillary 
blood. As such it must be essentially stagnant. At the same 
time the evidence physiological and pathological seems to demon- 
strate that the existence of a circulation cannot be denied.”’ 

The rate of flow of the aqueous humour has been investigated 
by several observers and estimates of the order of 50 c.mm. per 
minute have been obtained, but by inaccurate experimental 
methods. Recently Friedenwald and Pierce (1932) have measured 
the rate of flow in dogs and found it to be about 1 c.mm. per 
minute. Their experimental work was supported by some excel- 
lent observations upon a child with very small lenses. In one 
eye the lens became dislocated into the anterior chamber. While 
under observation the lens slipped in front of the pupil and formed 
a ball-valve with the iris. The volume of aqueous was calculated 
in the anterior chamber and about % of this volume disappeared 
in 30 to 45 minutes. They estimated the rate of flow of the aqueous 
to be 15 to 2°5 c.mm. per minute. 

These above investigations would appear to have established 
that a through and through circulation exists within the eye. 

The Theory of Dialysation :—The dialysis theory has received 
support from Magitot (1917), de Haan and van Creveld (1921), 
Hertel (1914-1921), Wessely (1921-1929), Duke-Elder (1926-1936), 
and Friedenwald and Pierce (1931-1933); but whereas Magitot, 
de Haan and.van Creveld and Weiss considered that there was 
no movement in the intra-ocular fluids, the others believed a 
through and through circulation existed. Ridley (1930-1931) has 
criticised the latter views by pointing out that if the intra-ocular 
fluids drain away, then they cannot be stagnant, and the aqueous 
cannot be said to be in Donnan equilibrium with blood plasma. 
The laws defined by Donnan apply only to fluids which are stag- 
nant. Further, quoting Adair (1930), he has maintained that the 
Donnan effect is true only in dilute solutions and could not be 
obtained where 7 per cent. of protein is present on one side of 
the membrane as in the case of plasma. The Donnan equation 
expressed in the form of activity cannot be determined in the 
presence of protein. Neglecting for the sake of argument this 
objection to the theory of dialysis it is proposed to analyse the 
arguments in its favour. These have been summarised. 

1. There is no evidence of the expenditure of any energy or 
demonstration of any activity in the formation of the aqueous 
humour. 

2. The aqueous humour is in chemical equilibrium with blood. 
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3. The chemical constitution of the abnormal or plasmoid 
aqueous is compatible with a dialysate. 

4. The aqueous humour is in osmotic equilibrium with blood. 

5. The pressure of the eye is preserved by a balance between 
hydrostatic pressure in capillaries and difference in osmotic pressure 
between the aqueous fluid and the capillary plasma. 

1. Expenditure of Energy:—The upholders of the dialysate 
theory ought to maintain that the interchange of fluid occurs 
equally throughout the eye as a whole, but they invariably postu- 
late a site of greater entrance and a site of greater exit, thereby 
admitting of specialised structures in the manufacture and removal 
of the aqueous humour. These admissions would appear quite 
incompatible with the theory of dialysis, and if it could be demon- 
strated that the site of the source of the aqueous did not allow a 
return flow of fluid it would go a long way towards pointing to 
an expenditure of energy in the formation of the aqueous humour. 
Friedenwald and Pierce (1931) have investigated the perme- 
ability of the ciliary epithelium and they have found that neither 
water, dyes nor electrolytes can permeate the membrane of the 
posterior chamber in the reverse direction. This irreversible per- 
meability of the ciliary epithelium has demonstrated that the 
potential energy on the two sides of the membrane cannot be 
equal and that energy or work must be expended in transferring 
fluid to the aqueous side of the barrier. 

Thus there is evidence that there must necessarily be an ex- 
penditure of energy in the formation of the aqueous humour. 

2. The Chemical Equilibrium. (a) Non-electrolytes.—Accord- 
ing to the theory of dialysis the chemical equilibrium postulates 
that the non-electrolytic constituents such as sugar, urea, non- 
protein nitrogen, uric acid of the aqueous humour and blood 
plasma should be distributed equally between the aqueous humour 
and blood plasma. Of recent years the analyses of Duke-Elder 
have been regarded as the most complete and most reliable. Duke- 
Elder found an equal distribution of non-electrolytes, but ex- 
amination reveals some points of criticism. Thus his conclusions 
are based first on a comparison of a pooled sample of the aqueous 
humour of many slaughtered horses with serum from one healthy 
horse and then by three experiments on rabbits in which the sugar 
in the aqueous humour and blood was the only diffusible electrolyte 
determined. The surprising fact is that Duke-Elder, in the first 
experiment under such uncontrolled conditions as pooled aqueous 
from horses of unknown health and uncertain food intakes, and 
in the second series of experiments in the presence of emotional 
excitement and general sympathetic disturbance tending to induce 
an increased sugar, should have obtained such equal distributions 
between blood and aqueous humour. Contrary evidence has, 
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however, been produced by others. Ask (1927), de Haan, and 
Van Creveld (1921), and Adler (1930-1933) found less glucose in 
the aqueous than in the blood. Adler (1930-1933) and Anderson 
(1921) found less urea in the aqueous than in the blood. By far 
the most conclusive piece of work, however, on the chemical 
equilibrium has been carried out by Walker (1933) with technique 
and material far in advance of any hitherto. In all, eighty experi- 
ments were carried out on frogs, fowls, rabbits, dogs, cats and 
man, and the composition of the aqueous was compared with that 
of the plasma of the same animal. His results completely opposed 
Duke-Elder’s hypothesis and left no doubt that, as judged by the 
distribution of non-electrolytes, the aqueous humour could not be 
a dialysate. A summary of his findings with regard to his 
analyses on the aqueous humour were :— 

1. That in rabbits, dogs and man, the urea concentration 
averaged only 68 per cent. of that of the plasma. 

2. That the uric acid concentration in fowls and man is only 
66 per cent. of that of the plasma. 

3. In so far as reducing substances are concerned, three of 
his five experiments on rabbits supported Duke-Elder’s belief that 
these substances were distributed equally between aqueous humour 
and plasma; the results of twenty-seven other analyses principally 
on frogs, dogs and man showed a deficiency when compared with 
blood. 

As urea, uric acid, and sugar are entirely filtrable and easily 
diffusible it is impossible to reconcile these analyses of Walker’s 
with the theory of dialysis. 

(b) Electrolytes.—Great stress has been laid on the unequal 
distribution of the electrolytes of the aqueous humour and serum 
by Duke-Elder in support of the theory of dialysis. In the pooled 
sample of aqueous from many horses and blood from one healthy 


horse these were— 
Aqueous Serum 
(millimols per litre) | (millimols per litre) 


Cations 
Sodium 
Potassium 
Calcium 
Magnesium 
Anions 
C 1 é Mi 
PO4, 
$O4 
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He then applied the sodium and the chloride concentrations in the 
form of the Donnan equation— 


7 - + — 
[Na] Aq * [Cl] aq = [Na]plood X [Cl] blood 
or 121 xX 123 145 x 103 
148-83 = 149-35 

It must be realised, however, that the analysis of a pooled specimen 
of aqueous humour obtained from the eyes of many horses con- 
demned to be slaughtered is being compared with serum from one 
healthy horse. The results can at the most be only approximate 
'and the wonder is that such a good agreement was obtained. 
Closer examination of his figures, however, indicates discrepancies, 
The sodium ratio (Ry,) or 


Sodium of the serum = _ 145 _ 1-20 
Sodium of the aqueous 121 
and the chlorine ratio or 
chlorine of serum _ 103 _ 0:83 
chlorine of aqueous os 
Van Slyke (1926) has shown that in a Donnan equilibrium 
RNa = 1:04 and Rc} = 0°95. 

More recently, however, Duke-Elder in collaboration with 
Davson and Behan (1936) has reinvestigated this problem and 
overcome the objections to the above experiment by comparing 
the aqueous humour of cats with its corresponding plasma. The 
results they obtained would appear to demonstrate that a Donnan 
equilibrium existed for the ions of sodium, potassium and 
chlorine. Thus in the experiment which represented the pooled 
serum and aqueous humour of four cats, the analysis showed :— 
(the figures in millimols per kg. of water) :— 











Na K Cl 


| ge 
Aqueous Serum | Aqueous enon Aqueous 


! 
humour | humour | humour 
150 160 | 6:00 6°50 | 129 123 


Serum 








The « per iacia e are expressed in wiimote per kg. of water. 


Then [Na] aqueous X Cl] aqueous = [Na] serum X [Cl] serum 
becomes 150 x 129 = 160 X 123 
1935 = 199°8 


The Ryg was 1-07 (the authors in error calculate this as 1-05), the 
R, 1:08, and Rc] was 0:95 which showed a satisfactory agreement 
with the theoretical of Ry, 1-04 and Rc] 0°96. 
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Although Duke-Elder’s figures would appear to show the ex- 
istence of a Donnan equilibrium, it must be remembered that he 
himself has admitted that a through and through circulation exists 
within the eye. Is it then possible for a Donnan equilibrium to 
exist in fluids that are not stagnant? Ridley (1980) has gone into 
this question fully. He has maintained that the direct application 
of the theoretical relation of Donnan to the intra-ocular fluids by 
Duke-Elder is unjustified because the Donnan effect is only true 
in solutions that are dilute and stagnant. 

Further, a study of the distribution of only the sodium, potas- 
sium and the chloride in the blood and aqueous does not take into 
account the distribution of other anions and cations, and these 
must also conform in some manner to the Donnan equation. 
Analyses of these constituents by other experimentalists do not 
support a Donnan equilibrium. Thus the phosphate concentra- 
tion of the aqueous has been found by Walker (1933) to be less 
than half that in the plasma, and by Tron (1928) to be 55 per cent. 
of that in plasma. In addition, Tron (1928) found the sulphate 
concentration of the aqueous was only 40 per cent. that of the 
plasma and that the potassium ratio’ was 1-61 (the potassium ratio 
of a dialysate is 1°06). Heubner and Meyer-Bisch (1926) found 
the sulphate of the aqueous to be half that of an ultrafiltrate of 
blood. 

3. Chemical Constitution of the Abnormal Aqueous.—Another 
argument put forward by Duke-Elder (1927, a and b) in favour 
of the dialysate theory was the alteration that took place in the 
concentration of chlorides following the formation of plasmoid 
aqueous after paracentesis of the cornea. Concurrent salt and 
sugar estimations were made on rabbits before and after the forma- 
tion of plasmoid aqueous, and in each specimen of plasmoid 
aqueous formed the percentage of protein was estimated thus :— 


Aqueous removed Approx. % protein in 
in C.c. plasmoid aqueous. 

01 Mere aes an ve 10 

02 ‘i i ies ri 18 

Ore 4. a we sei 20 

ae |... ar ay ee 25 


And it can be seen that the percentage of protein in the plasmoid 
aqueous increased in proportion to the amount of aqueous humour 
that had been withdrawn. He reported his sugar estimations in 
grams per 100 c.c. in the following way :— 
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Protein grams. 





per cent. Normal aqueous | Plasmoid aqueous | Difference 
| | 
1 | 0-143 | 0-148 | 0-005 
1-8 ee ee ee 
2 | 0-173 | 0-175 | 0-002 


2-5 Been eee eee See 


In view, however, of the proportion of colloid constituents appear- 
ing in the plasmoid aqueous, it would appear that a correction 
factor should be employed in order the more accurately to compare 
the distribution of the constituents. Thus for :— 


1 per cent. protein the factor is 1-01 
18 per cent. ‘ < fe 1:02 
2 per cent. ‘i we ‘ie 1:02 
25 per cent. @ FS a 1:03 


The corrected figures then become :— 


Normal aqueous | Plasmoid aqueous | Difference ieee 
0143 | 0149 | 0-006 0-004 
0-155 0-176 | 0:021 0-014 
0-173 | 0178 0-005 0-003 
0-165 0-:177 | 0-012 0:007 


So that the sugar showed a percentage increase of 003 to ‘014. 
Duke-Elder reported his salt estimations in g. NaCl. per 100 c.c. 
in the following way :— 


proiped Normal aqueous Plasmoid aqueous | Difference 
1 0°641 0-600 | 0-041 
1°8 0:597 0-561 0-036 
2 0-680 0°536 0-144 
os 0-500 0-421 0-079 








But by making an alteration for solid displacement as I have shown 
for the sugar, these results became :— 
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Normal Plasmoid Dileckaon | Per cent. 


Protein : 
sages aqueous aqueous | increase of 


0-606 0-035 
0°572 0025 
| 0°547 0-133 
2°5 ; |. AZZ 0-067 





So that the salt showed a percentage decrease varying from -004 
to 019. 

With a sugar percentage increase varying from ‘003, to ‘014 and 
a chloride percentage decrease varying from 004 to ‘019, it seems 
difficult to reconcile these results with Duke-Elder’s conclusions. 

(Monograph p. 36). ‘‘ It is thus seen that after paracentesis the 
colloid content of the plasmoid aqueous is increased and that it 
is increased in proportion to the extent to which anterior chamber 
has been evacuated. . . . Coincidentally with this, the anions 
(chloride) show a diminishing concentration, while the non-ionized 
diffusible substances (sugar) remain unchanged.”’ Later on in his 
monograph (p. 70) he has stated :—‘‘Again when the permeability 
of the membrane to colloids is increased the plasmoid aqueous then 
formed, containing as it does a greater proportion of protein mole- 
cules, and therefore differing less profoundly from the plasma 
and so involving the existence of less powerful stresses, changes 
its composition in terms of the thermo-dynamical postulates we 
are considering the anions (chloride) relatively decrease and the 
cations increase pari passu with the increase in concentration of 
colloids.’ These are conclusions which are at variance with his 
own results, for the anions (chloride) although they do decrease 
do not do so pari passu with the increase in concentration of the 
colloids, and no analysis on the cations is recorded. 

4. The Osmotic Equilibrium:—In an in vitro experiment, 
Duke-Elder by electrical conductivity measurements found that 
there was no alteration in the total concentration of the dissociated 
salts in the aqueous after time had been allowed for equilibration 
between the aqueous and plasma, thereby proving that the intra- 
ocular fluid was isotonic with blood. From these observations he 
concluded that a further argument had been brought forward in 
favour of the theory of dialysis. Gamble and McIver (1928) and 
Gilman and Cowgill (1931-1933) have studied the osmotic relations 
6f blood and glandular secretions. They found that the gastric 
juice, hepatic bile, and pancreatic juice were all isotonic with 
blood, and that whereas the alimentary glands are unique in the 
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production of their characteristic secretions, the total concentra- 
tion of their constituents was determined by a process in common 
—namely, the osmotic equilibration with the blood. After widely 
changing the osmotic pressure of the blood by hypertonic and 
hypotonic solutions, parallel variations were brought about in the 
osmotic pressure of these secretions. Thus, if Duke-Elder’s 
deduction necessarily followed, then gastric juice, pancreatic 
juice, and hepatic bile are also dialysates, for all these secretions 
are isotonic with blood plasma. 

He also maintained he had excluded any change in the concen- 
tration of any of the undissociated crystalloids by finding the 
sugar content of the aqueous unchanged after the experiment. 
But as Waiker pointed out, although in three experiments out of 
five in rabbits, the sugar content of the aqueous and the blood 
were the same, nevertheless, in twenty-seven other experiments 
on other animals including frogs, dogs and man, the aqueous 
humour sugar content showed a deficiency when compared with 
blood. It is thus possible that Duke-Elder was unfortunate in 
his choice of animal and was misled by a chance agreement in 
the sugar content of aqueous and blood, apparently not an un- 
common finding in the rabbit. 

Duke-Elder’s experiments upon the osmotic equilibrium of the 
aqueous humour prove no more and no less than that the aqueous 
falls into line with the cerebro-spinal fluid, gastric juice, pancreatic 
juice and hepatic bile in having a characteristic chemical com- 
position and being in osmotic equilibrium with the circulating 
blood. 

5. The Relation Between the Intra-ocular Pressure and the 
Osmotic Pressure of Plasma.—There can be no doubt that in some 
manner the osmotic pressure of the blood affects the intra-ocular 
fluid in the same way as it does all the other fluid secretions or 
transudates throughout the body. A more exact relationship 
between the intra-ocular pressure and the osmotic pressure of the 
blood has been attempted by Duke-Elder (1927-1928c). By assum- 
ing that the aqueous is a dialysate he has maintained that the 
pressure of the eye is preserved normally by a balance between 
hydrostatic pressure in the capillaries and the difference in osmotic 
pressure between the aqueous humour and capillary plasma. He 
has further contended that the intra-ocular pressure may be made 
to vary by disturbing the equilibrium between the blood and the 
eye, and he has sought to demonstrate this by altering the osmotic 
concentration of crystalloids and colloids in the plasma. So im- 
portant are the deductions he has drawn from these experiments 
that it is proposed to study them in detail. 

A. Alteration in the Crystalloid Content of the Plasma by the 
Intravenous Injection of Hypotonic and Hypertonic Solutions 
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Using Isotonic Saline as a Control.—The actual records are here 
reproduced below, showing the curves of the intra-ocular arterial 
and venous pressure following the various crystalloid injections 
along with Duke-Elder’s comments. 

(1) Isotonic solutions (Brit. Jl. of Ophthal., 1926, Vol. X, p. 9), 
Fig. 1. 


Gol: 


— Lon & (mma saline) 


—e— ART. 1 (mms. Ha.) 
—H— VEIN T (mms saline) 


—e— URINE 


Fic. 1. 


Control experiment. Injection of normal saline. Cat: female : 3,200 
gms.: chloralose. The ordinates represent pressures as in Fig 1; the 
abscissae time in mins. During interval A, 30 c.c., 0°9 per cent. saline 
injected intravenously. 


FIG. 2. 


Hypotonic injection Cat: female; 2,800 gms.: chloralose. The 
ordinates represent pressures, read and graphed as in Fig. 1; the 
abscissae time in mins. During interval A, 25 c.c., 0°3 per cent. 
saline injected intravenously. 
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‘‘ The effect therefore of an isotonic injection is very small; it 
is purely mechanical and varies directly with the amount injected ; 
and the intra-ocular pressure follows closely the curve of the blood 
pressure.”’ 

The Hypotonic Injection.—(Brit. Jl. of Ophthal., 1926, Vol. X, 
p. 10), Fig. 2. 0:3 per cent. saline was injected. 

‘‘The intra-ocular pressure during the injection rose with the 
blood pressure, and immediately afterwards showed a tendency 
to decrease with it, which, however, was soon replaced by a rise 
which became much steeper 15 minutes after the injection, and 


Fic. 3. 


Hypertonic injection. Cat: female: 3,600 gms.: chloralose. The 
ordinates represent préssures read and graphed as in Fig. 1; the 
abscissae, time in mins. During interval A, 15 c.c., 30 per cent. 
saline injected intravenously. 


aitained a maximum of 450 mgms. of saline in 75 minutes, where- 
after it began to fall. . . . No appreciable volume change could 
be made out ”’ (Blood volume estimated indirectly by cell-count 
and haemoglobin). __ 

The Hypertonic Injection.—(Brit Jl. of Ophthal., 1926, Vol. X, 
p. 10). Fig. 3. 30 per cent. saline was injected. 

‘‘ The intra-ocular pressure during the injection fell at first 
rapidly and profoundly (345 mm. saline to 180); thereupon it rose 
rapidly until at the end of the injection it had exceeded its initial 
value and had reached a peak of 415 mm. saline. After the in- 
jection it fell rapidly until in 30 minutes it had attained the level 
of 50 mm., about which figure it. remained for about 40 minutes 
when it began to rise again. 380 minutes after completion of in- 
jection the blood volume had been increased by (approximately) 
30 per cent. Then proceeding to a general summary of the 
mechanism of action Duke-Elder said (1926a)—‘‘ A study of the 
nature of the pressure curves and a comparison of the varying 
effect of the injection of different strengths of solution at different 
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rates by different routes, demonstrate clearly that there are two 
distinct influences at work involving two distinct responses, the 
first a rapid immediate change; following closely and depending 
upon the variation in part of the arterial in larger part of the 
venous pressure, and therefore presumably entirely of the (im- 
measurable) capillary pressure ; the second, a later, more gradual, 
less variable change, completely independent of any blood-pressure 
variation differing from it in time of incidence, in rate of develop- 
ment and usually in direction.’’ Duke-Elder thus felt that he had 
established that the changes in the intra-ocular pressure, apart 
from those caused by capillary blood-pressure were explained by 
the osmotic outflow and inflow of fluid, the eye sharing the pro- 
cesses of dehydration and water-logging similar to other tissues, 
for he had shown— 

(1) When the concentration of crystalloids in the blood was 
raised by the injection of hypertonic fluid, the intra-ocular pressure 
fell because fluid was being attracted into the blood stream. 

(2) When the concentration of crystalloids in the blood was 
lowered by the injection of hypotonic fluids, the intra-ocular 
pressure rose because fluid was being discharged from the blood 
stream. 

The regulation of the blood volume and the fluid interchange 
between the blood and tissues after the intravenous injection of 
crystalloids of various percentages has interested many experi- 
mentalists since Brasol (1884) noted the rapidity with which the 
blood volume increased and fell after the intravenous injection of 
large quantities of sugar. Among others who have Studied this 
problem are Leathes (1895), Bogert, Underhill and Mendel (1916) 
and Boycott (1913) and Boycott and Douglas (1914). Leathes also 
made observations upon the osmotic pressures of blood serum and 
lymph in relation to the injections. The main facts disclosed by 
their studies were :— 

A. Very Hypertonic Solutions. 1. The increase in volume of 
the blood immediately after the intravenous injection of very 
hypertonic crystalloids (33 per cent. saline or 50 per cent. glucose) 
was marked and greatly in excess of that caused by the volume 
of the injected fluid. | 

2. The increase in volume took place during the process of the 
injection so quickly that the time taken for the transfer of fluid 
from the tissue was inappreciable. Osmotic equilibrium between 
lymph and blood was established as soon as the injection was 
stopped and thus the transfer of fluid from the tissues to the 
blood had also ceased then, since the force attracting the fluid 
was no longer present. So that immediately the injection was 
stopped, the volume of blood stopped increasing. 

3. The moment the injection stopped, the volume of blood 
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began at once to diminish, ridding itself of the excess fluid and 
at the end of half-an-hour the blood volume was normal. 

II. Isotonic and Hypotonic (0:3 per cent. NaCl) solutions.— 
Volumes given were 70 c.c. per kilo to 35 c.c. per kilo, or amounts 
equal to or about half that of the blood volume. 

During the injection of isotonic and hypotonic solutions fluid 
began to leave the blood vessels for the tissues. It would be ex- 
pected that the hypotonic solutions would leave much more rapidly 
than did the isotonic, but such was not the case. The difference 
was relatively small and as often as not, the isotonic fluids left 
the blood vessels more quickly than the hypotonic. Half-an-hour 
after the injection had been completed, however, more hypotonic 
fluid remained in the blood vessels than did the isotonic. This is 
a peculiar fact and Leathes has commented on it in the following 
words :— 

‘‘ It is possible that hypotonic solutions exert some influence 
on the vasomotor system as Dr. Starling has suggested to me, from 
observations of his on venous pressures: he found the venous 
pressure to be raised by hypotonic injections as by isotonic, but 
for a much shorter time. This observation may explain perhaps 
the fact that Cohnheim’s plethora experiments in which 06 per 
cent. NaCl was used, gave him a smaller rise of venous pressure 
than that found by Bayliss and Starling working with 1 per cent. 
NaCl solution. Perhaps, therefore, we may suppose that the effect 
of lowering the osmotic pressure of the blood is to increase the 
total capacity of the vessels and for this reason the injected fluid 
was not expelled so rapidly as would have been expected.”’ 

In view of these observations, and in particular those of Leathes, 
on the fluid traffic following the intravenous injection of varying 
strength solutions, re-examination of Duke-Elder’s data shows 
that there is a difference between his findings and those of Leathes. 
Duke-Elder stated he found :— 

(1) No appreciable blood volume change was made out when 
hypotonic solutions were injected. 

(2) Half-an-hour after the completion of the injection of hyper- 
tonic solutions, the blood volume was increasing by 30 per cent. 
owing to dilution by tissue fluid. 

The Intra-ocular Pressure after Hypertonic Injections.—In 
Fig. 4 the dotted line A.B.C.D. represents diagramatically what 
should be the curve of the intra-ocular pressure after the intra- 
venous injection of hypertonic saline if the intra-ocular fluids 
were dialysates and the eye shared with the tissues the processes 
of dehydration and water-logging. For comparison, in heavy 
line, there is reproduced from Fig. 3 the actual curve Duke-Elder 
obtained after intravenous hypertonic saline. 





THE BRITISH JOURNAL OF OPHTHALMOLOGY 


Pened of injection 





Fic. 4. 


AB is fall due to the dehydration during the injection of hypertonic saline. 


BC is the rise in pressure due to the pouring back of fluid from the blood 
stream, the blood volume, and tissue fluid returning to normal in 30 mins. 


The position of the point B is of course indeterminate for it will depend 
upon a mean of the blood pressure effect, and capillary dilatation, with the 
amount of dehydration. The important point is that within half-an-hour 
(at C) the normal intra-ocular pressure should have been obtained, 
because blood pressure and capillaries are normal, and the fluid content of 
the tissues has returned to normal. 


I.0.P.—Copied from Fig. 3. Duke-Elder’s curve‘ of the intra-ocular 
tension after hypertonic saline. 


The Intra-ocular Pressure after Hypotonic Injections.—If the 
aqueous humour were a dialysate, then the curves of the intra- 
ocular pressure after the intravenous injections of hypotonic and 
isotonic solutions should be similar, as Leathes and others have 
shown that the discharge of fluid from the blood vessels is identi- 
cal, or if anything the hypotonic fluid is retained intravascularly 
to a greater extent. Re-examination of the two graphs, Fig. | 
and Fig. 2 of Duke-Elder’s after the isotonic and hypotonic injec- 
tions, demonstrates only too clearly how wide apart are the varia- 
tions in the intra-ocular pressure. This becomes all the more 
apparent when it is realised that Duke-Elder injected isotonic and 
hypotonic saline at only 9 c.c. per kilo, when previous observers 
had given as much as 70 c.c. per kilo. 

It may be concluded, therefore, that from Duke-Elder’s own 
experimental results, after crystalloid injections, proof has been 
established that the aqueous humour cannot be a dialysate. 

B. Alteration in the Colloid Content of the Blood by the Intra- 
venous Injection of Gum Acacia.—Duke-Elder carried out this 
experiment in the following manner (1927c). A rabbit was given 
30 c.c. of 15 per cent. gum acacia intravenously and the intra- 
ocular pressure was read on a Schi6tz tonometer. He found that 
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the intra-ocular pressure fell and remained reduced for over forty- 
eight hours. A reproduction of his chart is given below. 

It may be assumed from this chart that the lowest intra- 
ocular pressure was obtained ten-and-a-half to eleven hours after 
the injection of gum when the intra-ocular pressure had fallen to 
55 mm. Hg. 

At the end of forty-eight hours although the tension was rising, 
the normal level had not been reached. 

Fig. 6 represents graphically the changes that were effected in 
the blood volume after the intravenous injection of 15 per cent. 
aqueous gum acacia (Experiment No. 1). For comparison there 
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Variations of the intra-ocular pressure on increasing the colloid 
osmotic pressure of the blood. 

30 c.c. 15 per cent. gum arabic injected intravenously at second 
hour curve of intra-ocular pressure read on a Schiétz tonometer 
(cocaine) and transposed into mm. Hg. The crosses denote the 
time of reading (rabbit), 


‘ HAEMOGLOBIN —_-- 


INTRAOCULAR TENSION °°" *">--* (00% = (8mm Hg) 





FIG. 6. 


are also reproduced the changes which Duke-Elider found took 
place in the intra-ocular pressure after the injection of this strength 
gum acacia (Ref. Fig. 5). 
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The ordinates represent the volume of blood which is propor- 
tional to the dilution of haemoglobin, and the intra-ocular pressure. 
100 per cent. in the intra-ocular pressure was determined by Duke- 
Elder in his experiment as. being 18 mm. of mercury. The 
abscissae represent the intervals of time between the observations. 
The line A.B. indicates the end of the injection of gum and to 
the left of this line a dotted line indicates the duration of the in- 
jection and also the theoretical percentage of haemoglobin expected 
after the addition of gum (i.e., if the original volume of blood is 
70 c.c. per kg. the addition of 13 c.c. of gum per kg. should 
theoretically reduce the haemoglobin from 100 per cent. to 84 per 
cent.). The transfer of fluid from the tissues to the blood stream 
ceased ten minutes after the injection and three-quarters of an 
hour later fluid began to leave the vascular system. ‘In ten hours 
the blood volume was normal, at which time the fluid content of 
all the tissues previously dehydrated must have returned to normal. 
That the kidneys are unimportant initially in disposing of the 
extra fluid attracted to the blood stream was proved by repeating 
the above experiments after bilateral nephrectomy when a similar 
curve was obtained. Leathes, however, had previously demon- 
strated that restoration of the blood volume after intravenous 
injections took place as rapidly in animals with bilateral nephrec- 
tomy asin intact animals. The intra-ocular tension as determined 
by Duke-Elder, however, fell steadily—it was falling at the end of 
an hour when fluid no longer was leaving the tissues, and it 
reached its lowest level ten-and-a-half hours after the injection at 
a time when the blood volume had returned to normal and all the 
transferred fluid had returned to the tissues. Thus the intra- 
ocular tension was lowest at a time when the blood volume was 
normal, and the tissues possessed a greater fluid content than 
normal by an amount equal to 18 c.c. per kg. of body weight. 

Once again this experiment has demonstrated how the aqueous 
does not behave like a dialysate. 

C. Experiments after Haemorrhage.—After bleeding an animal, 
Duke-Elder injected infusions of 6 per cent. gum in Ringer, 15 
per cent. gum in water, and normal saline, and he noted the 
respective variations’ produced in the intra-ocular pressure. 

i. Intravenous Injection of 6 per cent. Gum Acacia in Ringer.— 
In this experiment (Fig. 7) Duke-Elder found that the intra-ocular 
pressure fell coincidentally with the blood pressure during the 
haemorrhage, then rose with the blood pressure back to normal 
following the intravenous injection. When the interchange of 
fluid (Experiment No. 2, Table IV, p. 413), was studied after a 
similar experiment it was found that the theoretical blood volume 
was not maintained. After the intravenous gum injection, fluid 
had been transferred to the blood stream from the tissues to the 
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The variation of the intra-ocular pressure on altering the blood- 
pressure and the composition of the blood, the osmotic conditions 
remaining constant. 

The upper tracing the blood pressure: the lower the intra-ocular 
pressure. At (a) the femoral artery opened; at (b) the bleeding 
stopped and injection of physiological saline and gum arabic 
commenced, and continued until (c). The intra-ocular pressure 
follows approximately the blood pressure. (Cat.) 


extent of twenty-five c.c. per kg. up to the fifteen minutes after 
the injection. After this, fluid began to flow back to the tissues, 
but three hours after the injection the blood volume was still above 
normal (i.e., the tissues were still dehydrated). It would follow 
therefore from this experiment that the aqueous does not behave 
like a dialysate, for if it did the curve of the intra-ocular pressure 
would have reached its minimum ten minutes after the injection 


and remained at that level‘for another twenty minutes. At the 
end of three hours the intra-ocular pressure should still have been 
below normal, because the vascular system still contained an excess 
of fluid. 
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FIG. 8. 


Variation of the intra-ocular pressure on increasing the colloid 
osmotic pressure of the blood. 

The upper curve the blood pressure; the lower the intra-ocular 
pressure. At (a) the femoral artery opened ; at (b) the bleeding 
stopped ; (c) injection of 15 per cent. gum arabic; at (d) injection 
stopped. The intra-ocular pressure, after following the blood- 
pressure initially, tends to fall. (Cat.) 
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ii. Intravenous Injection of 15 per cent. Gum Acacia.—Duke- 
Elder found ‘‘ the curve of the intra-ocular pressure followed the 
blood pressure closely at first ; but soon after the injection it began 
to fall steadily independently of the latter.’ Fig. 8. Duke-Elder’s 
chart of this experiment showed no time marker and the time 
intervals were not given. It was noted that the intra-ocular tension 
fell from 36 mm. Hg (the maximum height reached through the 
blood pressure effect) to 8 mm. Hg (the lowest reading recorded 
and the finish of the chart). The fall was rapid, and it would 
appear from the chart that the pressure continued to fall beyond 
the tenth minute after the injection. When the interchange of 
fluid (Experiment 3, Table V, p. 414), was studied after a similar 
experiment it was found that the blood volume. reached its 
maximum ten minutes after the injection, after which fluid began 
to leave the vascular system for the tissues. If, therefore, the 
intra-ocular pressure continued to fall for ten minutes, after the 
termination of the injection, it suggests that the aqueous does not 
behave like a dialysate, for at the tenth minute fluid had ceased 
being attracted from the tissues. 

There is, moreover, additional proof of the non-dialysate nature 
of the aqueous humour by comparing the fluid interchange taking 
place after haemorrhage and the intravenous injection of 6 per 
cent. or 15 per cent. gum acacia. The tables from experiments 
No. 2 and No. 3 are reproduced. 


TABLE VII 


| Blood volume/kg. after | Blood volume/kg. after 
| haemorrhage and haemorrhage after 


| injection of 6 per cent. | injection of 15 per cent. 
| gum in normal saline | aqueous gum 
(c.cs.) | (c.cs.) 


Immediately after - 90 | 88 
5 mins. after - 94 | 91 
MDs ox; - 95 98 
iS - 95 96 
30 - 94 97 
45 - 91 Gg 
60 Bal 88 92 
2 hours - 87 89 
3 ; Be 87 87 


” 
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If a comparison is made a marked similarity is noted. After a 
haemorrhage, the fluid interchange differed very little whether the 
fluid injected was 15 per cent. gum acacia in water or 6 per cent. 
gum Saline. If, therefore, the eye shared with the other tissues 
of the body in the loss and gain of fluid, the curves of the intra- 
ocular pressure in these two experiments should be almost identical. 
Reference to Duke-Elder’s corresponding charts (Figs. 7 and 8) 
on the curves of the intra-ocular pressure show their complete dis- 
similarity; after the 6 per cent. gum, the intra-ocular pressure 
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Fic. 9. 


Variation of the intra-ocular pressure on decreasing the colloid 
osmotic pressure of the blood. 

The upper curve the blood pressure; the lower the intra-ocular 
pressure. At (a) the femoral artery opened; at (b) the artery 
closed and physiological saline slowly injected; at (c) the saline 
injected rapidly. The intra-ocular pressure, after following the 
blood pressure initially, tends to rise. (Cat.) 


returned to normal, whereas after the 15 per cent. gum, the ten- 
sion fell steadily to at least only a quarter of the original height. 

iii. Intravenous Injection of Normal Saline.—Duke-Elder found 
that the intra-ocular pressure rose steadily from a normal of 22 
mm. Hg to 44 mm. Hg (Fig. 9) (i.e., an increase of 100 per cent.). 
This remarkable rise in the intra-ocular pressure was interpreted 
by Duke-Elder as being due to the dilution of the blood colloids, 
fall in osmotic pressure on the blood stream side of the capillary 
membrane and a forcing out of fluid into the tissue spaces includ- 
ing the eye. When, however, the fluid exchange was studied after 
haemorrhage and intravenous saline (Experiment 4, Table VI, 
p. 414), it was found that no water-logging of the tissues took place 
until two hours after the injection and then the amount of excess 
fluid in the tissues was negligible. In this experiment, therefore, 
fluid does not readily leave the vascular system for the tissues, 
so the enormously increased production of aqueous humour indi- 
cated by a 100 per cent. increase in the intra-ocular pressure must 
be explained by means other than dialysis. 
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An earlier experiment of Duke-Elder’s (1926a) has an important 
bearing on the above experiment (see Fig. 1, p. 31). As a control 
experiment he injected 30 c.c. of normal saline intravenously into 
a 32 kg. cat and noted that the intra-ocular pressure rose very 
slightly during the injection, then fell to its normal level. Leathes 
has studied the fluid interchange in an intact animal after the 
intravenous injection of normal saline. A summary of his results 


TABLE VIII 





Volume per kg. 
70 
(105—theoretical blood 


Before - : ‘ é < 
Normal saline injected at 35 c.c. 


Immediately after - - 80 
5 mins. after - - - 79 
10 - - - 78 
15 - - - 77 
30 . . 75 


60 : - 71 


per kg. | volume)— 





During the injection 25 c.c. or 5/7 of the volume of fluid in- 
jected had Jeft the vascular system for the tissues, 4/5 of the 
volume had left at the end of ten minutes, and the blood volume 
was normal at the end of an hour. Thus in an animal not pre- 
viously bled, intravenous saline rapidly leaves the vascular system 
for the tissues. If, therefore, the eye shared in the dehydration 
and water-logging common to all tissues, a gradual and well- 
marked rise in the intra-ocular pressure would have been expected 
in Such an experiment. Duke-Elder detected none. 

Observations have been carried out on the interchange of tissue 
fluid following the intravenous injections of hypotonic, isotonic 
and hypertonic solutions of crystalloids and gum. Duke-Elder’s 
records of the variations of the intra-ocular pressure following 
these injections were in complete conflict with those of the inter- 
change of tissue fluid indicating that the aqueous does not behave 
like a dialysate. 

The Relation Between Depleted Plasma Proteins, the Retention 
of Fluid in the Tissues, and the Intra-ocular Pressure.—That de- 
pletion of the plasma proteins can upset the interchange of fluid has 
been generally known since Epstein (1914-1926) applied Starling’s 
(1895) views to the oedema of nephrosis. Epstein stated that 
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consequent upon the massive albuminuria the plasma proteins were 
reduced to such an extent that their osmotic pressure was no longer 
able to counterbalance the hydrostatic pressure in the capillaries 
which forces the fluid from the blood stream to the tissues. Thus 
more fluid was pushed out into the tissues than could be attracted 
back again and oedema resulted. Hagedorn, Rasmussen and 
Rehberg (1925) confirmed this conception of Epstein’s by making 
actual measurements in a case of nephrosis with generalised 
oedema. They found the capillary blood pressure was somewhat 
increased to about 150 mm. of water, while the colloid osmotic 
pressure of the patient’s blood was about 100 mm. of water as 
compared with a normal of 450 mm. There was thus a pressure 
of 50 mm. of water in favour of filtration from blood to tissues. 
Further work by Schade and Claussen (1924), Rusznyak (1924), 
Mayrs (1926), Iversen and Nakazawa (1927-1928), Cope (1928) and 
Govaerts (1924-1925) amply demonstrated that the osmotic pressure 
of the serum proteins in normal people lay between 35 and 40 cm. 
of water and that in nephrotic types with marked oedema the 
colloid osmotic pressure was uniformly low and under 20 cm. of 
water. Govaerts (1925) went further and correlated a relationship 
between the colloid osmotic pressure and the percentage of the 
individual serum proteins. He found that the smaller serum 
albumen molecule had a higher osmotic pressure per gram of 
protein than the larger serum globulin molecule. One gram of 
albumen per cent. gave an osmotic pressure of 7:50 cm. of water, 
while one gram of globulin per cent. gave an osmotic pressure of 
1:95 cm. of water. Leiter (1928) gave the first direct proof that 
oedema resulted in intact animals if the plasma proteins were 
reduced. Oedema was produced in healthy dogs by bleeding them 
twice daily, 400 to 500 c.c. of blood being withdrawn each time. 
The blood was centrifuged and the volume of corpuscles suspended 
in Locke’s solution re-injected into the saphenous vein. It was 
not until the fifth day that oedema appeared at first in the soft 
tissues of the prepubic region and external genitals, buttocks, 
thighs, then abdominal and chest walls. At the same time ascites, 
hydro-thorax, and pulmonary oedema developed. The weight of 
the dogs increased sharply by 30 per cent. to 40 per cent. in spite 
of decreased appetite and loss of flesh. The oedema began when 
the total plasma proteins fell to 3 grams per 100 c.c. or less and 
disappeared when the proteins rose above that level. Barker and 
Kirk (1980) confirmed these findings and found that oedema 
appeared more in relation to the albumen factor. Oedema appeared 
when the plasma albumen fell to 0-8 gram per cent. and disappeared 
when it rose to 1 gram per cent., the globulin factor remaining 
fairly constant about 2 grams per cent. The points of importance 
in the experimental work of Leiter and Barker and Kirk were :— 
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1. That oedema could not be produced at the time of the initial 
experiment. 

2. Oedema could appear only if the albumen content of the 
plasma fell below 0° gram per 100 c.c. 

The bearing of these conclusions upon Duke-Elder’s results is 
important. A few minutes after his experiment on bleeding and 
addition of saline in an attempt to reduce the plasma proteins, 
Duke-Elder obtained a rise of 100 per cent. in the intra-ocular 
pressure (equivalent to the formation of oedema in the tissue), 
which demonstrates the eye is not the same as other tissues. But 
more important in order to produce a rise in the intra-ocular pressure 
(if the eye was similar to other tissues) the plasma albumen would 
have to fall to 0-8 gram per cent., and this would require a haemorr- 
hage of at least 4/5 of its blood volume—conditions incompatible 
with survival from the haemorrhage. In view, however, of the 
very conclusive rdle the plasma proteins play in the interchange 
of body fluids, it was decided to investigate the intra-ocular pres- 
sure of cases with markedly depleted plasma proteins because— 

(1) There is clinical evidence that gross oedema appears when 
the plasma proteins have become very depleted and their osmotic 
pressure falls below fifteen mm. mercury through proteinuria, or 
loss into the alimentary canal. 

(2) There is experimental evidence that when the plasma pro- 
teins are artificially reduced by bleeding, oedema appears on the 


fifth day. 

In certain types of nephritis such a condition as described above 
occurs. Consequent upon the massive albuminuria in this disease, 
the plasma proteins become so reduced that their osmotic pressure 
cannot counterbalance the hydrostatic pressure of the capillaries 
and oedema results. 


TABLE IX 


| j 
Colloid osmotic | 
pressure 


Intra-ocular 
tension mm. Hg 
(Schidtz) 


20 14 | Marked 
23 9 | Very marked 
21 _ aes | Very marked 
16 Marked 
19 9 | Very marked 
22 | Very marked 
24 _ Marked 


PROP Dw 
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Table IX shows the observations made on several cases of 
nephritis. The intra-ocular pressure was measured in all cases in 
the morning after the patient had been lying flat for about 20 
minutes, with a Schidtz tonometer, and the readings were translated 
into mm. Hg from a graph provided with the instrument. The 
colloid osmotic pressure was calculated from percentage of albumen 
and globulin present in the plasma. 

All the cases observed in Table 1X had gross oedema, but in 
no case was the intra-ocular pressure outside the average normal 
limits. These preliminary observations strongly suggested that 
the eye could not share in the dehydration and water-logging 
common to the other tissues of the body, and that the aqueous 
humour could not be a dialysate. If the aqueous humour were a 
dialysate, one would have expected a markedly raised intra-ocular 
pressure in those cases where thé plasma proteins were so depleted 
that gross oedema resulted. It is only possible to explain the 
above findings on preferential treatment meted out to the eye. It 
is recognised, however, that the tonometer is an instrument of 
relative accuracy only, and it was decided to supplement the above 
observations by a study of one or two cases of nephritis with 
oedema throughout the course of their illness, and an attempt was 
made to correlate the variations in the colloid osmotic pressure 
of the plasma with the degree of oedema and curve of the intra- 
ocular pressure. 


TABLE X 


Z Osmotic 
Weight pressure 
in of plasma 
pounds proteins 
mm. Hg 


Intra-ocular Protein 


pressure in urine 
mm. Hg Oedema (gms per 
(Schiétz) cent.) 


28.5.34 | 7-9 22 Marked 1:2 
7.6.34 7°5 20 Marked 0°95 
15.6.34 | 9°6 21 Marked 0-6 
9.7.34 13°8 21 0°6 
6.9.34 15°6 18 | Slight oedema 0°5 
13.9.34 | 16°3 20 | Slight oedema 0°55 
4.10.34 - 19:9 21 | No oedema _— 
2.11.34 | 22:2 21 | oedema 0°40 
1.1.88 cd 25:1 ro ee oedema 0:10 
13:35 26°4 22 oedema oe: 
31.5.35 25°2 22 oedema 0-10 
15.7.35 | 26°7 18 oedema 0°10 
11.10/35: <4 26°5 | 21 oedema 0:06 
29.4.36 - 24:3 22 oedema 0°02 
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The first case studied was Mrs. A. B., aged 31 years. She was 
admitted to Middlesex Hospital under the care of Dr. Young with 
gross generalised oedema, ascites and hydro-thorax. Her urine 
contained over 1 gram per cent. of protein. Under treatment, the 
oedema gradually subsided. 

Weight.—The patient’s normal weight was about 136 pounds— 
and it will be noted that there was a marked gain in weight due 
to retention of water. As the oedema subsided the weight also 
fell, until when she was becoming oedema-free the weight had 
fallen to 112 pounds, indicating quite marked loss of flesh due to 
illness. The increase in weight from 13/9/34 onwards was un- 
accompanied by any oedema and indicated marked improvement 
in health. 

The Osmotic Pressure of Plasma Proteins and the Intra-ocular 
Tension.—The colloid osmotic pressure of the plasma reached as 
low a figure as 75 mm. Hg (as compared with a normal of 33 mm.) 
and if one assumes the capillary blood pressure to be 11 mm. Hg 
(as Krogh has recorded in cases of oedema), then in this case 
there was a pressure head of 35 mm. Hg in favour of filtration 
of fluids from the blood stream to the tissue spaces. On theoreti- 
cal grounds, therefore, oedema was inevitable and it was present 
in this case in a very marked degree. If the aqueous humour was 
a dialysate it should also, like the tissue fluid, give evidence of 
increased formation, but no increase in intra-ocular pressure was 
found. This case was followed throughout the period of improve- 
ment, and the colloid osmotic pressure of the plasma proteins 
gradually increased from 75 mm. mercury to 26-7 mm. mercury. 
When the colloid osmotic pressure reached the level of 17 to 19 mm. 
mercury, the oedema had almost completely disappeared, thus 
confirming the work of other investigators that there is a critical 
zone for the osmotic pressure of the serum above which oedema 
is absent. But no significant change at all could be observed in 
the intra-ocular pressure throughout the progress of this case, sug- 
gesting again that the formation of the aqueous humour could 
not be explained on physico-chemical lines. 

The second case studied was a male aged 27 years. He was 
admitted to Middlesex Hospital under the care of Dr. Ward with 
gross oedema and albuminuria. 

These results confirm those found in the previous case. 

The chemical, osmotic and hydrostatic relationship of the 
aqueous humour has been carefully reviewed and all the evidence 
is against the view that the aqueous is formed by dialysis. Several 
other observations would tend to drive one further and further 
away from this possibility. 
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TABLE XI 





Osmotic 
pressure 
of plasma 


| 
| Intra-ocular |. 
tension 


mm. Hg Oedema 


mm. Hg 





Marked 
Marked 


19.2.35 7:3 15 
8.3.35 | 8-7 17 
14.5.35 | 154 10°6 17 
21.6.35 146 10°9 18 | Oedema present 
12.8.35 | 17-0 | 15 | No oedema 
22.10.35 | 128 18-0 17 | No oedema 


proteins (Schiétz) | 
| 
| 
| 


3.6.36 126 21:0 13°. No oedema 
23.11.36 128 22:0 17 No oedema 





(a) Thus Duke-Elder has stated (1926a) ‘‘ If such an eye (an 
enucleated eye) be placed in isotonic saline or serum it retains 
its internal pressure for some time and its weight remains con- 
stant. If it be placed in hypotonic saline it increases in tension 
and gains weight initially, while in hypertonic solutions it rapidly 
becomes of pulpy consistency and loses weight. It is thus clear 
that the eye is capable of functioning as an osmotic machine.”’ 

If the eye functioned like an osmotic machine, a fall in tension 
would have been expected when it was placed in serum, owing 
to the osmotic absorption of the aqueous humour by serum. 

(b) Intravenous hypertonic saline has been given in the pre- 
liminary treatment of glaucoma, to bring about a marked fall in 
the raised intra-ocular pressure. The maximum fall takes place in 
about six hours and the former tension is usually only regained 
after seventy-two hours. If the eye behaved like other tissues 
throughout the body and shared equally in dehydration and 
water-logging as if the intra-ocular fluids were a dialysate, then 
the fall in pressure should be greatest at the end of the injection, 
and at the end of half-an-hour the tension should have returned to 
its former level. 

(c) Duke-Elder has stated in his monograph (p. 110), ‘‘ If for 
any reason this safety valve action (of the canal of Schlemm) is 
rendered inefficient or abolished, then disturbances of the equi- 
librium become cumulative and tend to be permanently effective 
and the intra-ocular pressure rises.’’ If the aqueous were a dialy- 
sate and an interchange of fluid took place all around the surface 
of the eye, then mere loss of function of the canal of Schlemm, 
which forms only a small part of the whole surface of the eye. 
should not cause a rise in the intra-ocular pressure. 
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(d) Priestley Smith’s case of intermittent glaucoma (1927)— 

‘* A lens imperfectly attached from birth becomes completely 
detached many years later. One day while the head is bent over 
the washing basin, the lens passes into the anterior chamber. 
Pain and high tension quickly follow and advice is sought. The 
whole pupil is seen through the lens; the peripheral zone of the 
iris is in contact with the cornea, being driven forward around 
the lens margin by pressure of fluid imprisoned behind it. Before 
operation can be undertaken, the lens passes back through the 
pupil; pain and tension quickly subside. The same displacement 
recurs several times, each time with a secondary glaucoma and 
spontaneous recovery. At last, with special precautions against 
falling backwards of the lens at the moment of operation, the lens 
is removed and no further glaucomatous attacks occur.’’ . . . And 
a somewhat similar case by Friedenwald and Pierce (1932a), 
together with the latter’s experimental work, demonstrated that 
re-absorption of aqueous by the tissues behind the iris does not 
occur. 

The Canal of Schlemm.—Very little indeed is known about the 
nature, structure, function, and content of the canal of Schlemm. 
Whether it is a capillary, vein or lymphatic channel has never 
been definitely established. 

Structure.—Salzmann (1912) and Maggiore (1917) have described 
the structures of the scleral furrow of the human eyeball. 
Schlemm’s canal is seldom a single elongated lumen, but is com- 
posed of several branches. It has not the structure of a vein, but 
closely resembles a lymphatic channel. It possesses a very thin 
endothelial lining with nuclei projecting inwards, and does not 
lie immediately upon sclera but is embedded in a richly cellular 
tissue. 

Contents.—Direct observation of the irido-corneal angle from 
inside has assisted a great deal in determining with certainty the 
contents of the canal of Schlemm. First attempted by Trantas 
(1907), the chief credit belongs to Salzmann (1914) for giving the 
examination its present-day value in ophthalmology. Later 
Koeppe (1919), Uribe-Troncoso (1921-1925), and Barkan (1936) and 
his colleagues have extended the study of ‘‘ gonioscopy ’’ as Uribe- 
Tronsoco named this particular investigation. It is now generally 
accepted since the introduction of gonioscopy that normally the 
canal contains aqueous, but that in conditions of stasis it may con- 
tain blood due to backflow from the anterior ciliary veins. 

Connections.—There is no direct communication between the 
canal of Schlemm and the anterior chamber, but by means of 
vessels given off here and there the canal communicates very freely 
within the sclera with a large closed venous plexus, the ‘* Intra- 
scleral venous plexus,’’ and with the anterior ciliary veins through 
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their anastomoses with the intrascleral plexus. An actual capillary 
net for the supply of the canal does not exist. Thus the canal of 
Schlemm cannot be a capillary, for it possesses no arterial con- 
nection, and it cannot be a vein for it has no capillary connections. 
Further, to be either, its contents must be red blood cells and these 
have only been observed in the canal of Schlemm during venous 
stasis. 

Pressure Relationships of the Canal and Vessels.—The pressure 
in the canal of Schlemm has never actually been determined, but 
many ingenious devices have been employed to assess it. . 

Duke-Elder has made fresh measurements of the ocular pressures 
in the dog. Diagramatically he has represented the venous out- 
flow of the dog. 





Fig. 10. 


The scleral veins of the dog from an injected specimen. 
(a) The circle of Hovius; (b) the vortex vein leaving the 
eye post-equatorially in relation to the rectus muscle R; 
(c c) the anastomosing veins between the two; (a andc) drawn 
in open lines—lie within the scleral tissues; (b) drawn black 
come outside the sclera. 


The circle of Hovius is a venous plexus which drains blood from 
part of the choroid, ciliary body and iris. This venous plexus 
joins the orbital veins and the vortex veins, the latter forming 
the main venous drain of the eye. The anastomosis of the circle 
of Hovius with the vortex veins takes place within the sclera. 
Duke-Elder introduced a canula into one of the scleral veins of 
the circle of Hovius and noted that the venous pressure was 1 to 
2mm. Hg higher than the intra-ocular pressure in the normal eye. 
By puncturing one of the retinal veins and noting a haemorrhage 
into the eye he concluded, since blood flowed out of the vein, 
the venous pressure must be higher than the intra-ocular pressure. 
In dealing with conditions of raised intra-ocular pressure where 
an intra-ocular pressure of 40 mm. Hg was produced, he found 
the intrascleral venous pressure to be lower by 1 mm. Hg and 
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the intra-ocular venous pressure to be higher than the chamber 
pressure. Duke-Elder’s findings may be summarised thus :— 


VENOUS PRESSURES: 





Intra-ocular pressure Intra-orbital veins Intrascleral veins 





25 mm. Hg 26 mm. Hg 26°5 mm. Hg 
40 ” ” 41 ” ” 39 ” ” 











It can be seen that the limits within which Duke-Elder worked 
were very fine and it cannot be wondered at then, that his results are 
taken with a certain amount of caution. Further, with so im- 
portant and far-reaching results as he obtained, one would have 
expected these to be accompanied by an observation on the par- 
ticular height of the intra-ocular pressure at which the venous 
pressure reversed its relationship to the chamber pressure. 
Further, it seems unlikely that two venous systems within the 
eye should differ by at least 2mm. Hg. As the intrascleral veins 
drain the blood from the iris, ciliary body and choroid, it must 
surely follow that the venous pressure must be higher than the 
chamber pressure to allow drainage to take place without collapse 
of these veins. There is, however, a much more serious objection 
to the pressure relationship as worked out by Duke-Elder. Latarjet 
(1930) has given an excellent diagrammatic representation of the 
vascular circulation of the eye. From his diagram it can be seen 
that the venous return from the ciliary system takes place in two 
ways—first by the anterior ciliary vein which traverses the sclera, 
then forms an episcleral plexus, finally to enter the orbital veins 
and second by branches which join the vortex veins. The canal 
of Schlemm joins the anterior ciliary veins within the sclera and 
thus it follows that the pressures in the canal of Schlemm, anterior 
ciliary vein (intrascleral) and vortex veins (intrascleral) must equal 
one another and vary the one with the other. Although the blood 
vessels of the eyeball form two distinct systems—the retinal and 
choroidal—nevertheless Leber (1876) pointed out that anastomoses 
take place between the choroidal and retinal systems. More 
recently Beauvieux and Gouelmino (1924), using very precise 
methods, have re-studied this problem and they have found that 
the central vein of the retina has numerous anastomoses with the 
choroidal and scleral vessels. In view of these anatomical re- 
lationships between the vessels of the eye it would follow as a 
natural conclusion that at all times the pressure in the canal of 
Schlemm must equal the pressure in the intra-ocular veins and 
exceed the intra-ocular pressure. In spite of Duke-Elder’s very 
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precise measurements of the pressure within the intrascleral veins, 
in which he found the intrascleral venous pressure lower than the 
chamber pressure, the physiological fact remains that blood con- 
tinued to circulate in the eye, as he himself demonstrated by 
obtaining a haemorrhage into the eye on puncturing a retinal 
vein. If the pressure in the retinal veins exceeded the intra-ocular 
pressure as it must do, then so must also the pressure in the canal 
of Schlemm. 

A further point comparative anatomy also arises regarding 
these pressure measurements of the canal of Schlemm. By 
measuring the venous pressures in the circle of Hovius, Duke- 
Elder states that he has obtained the pressures in the canal of 
Schlemm under conditions of varying intra-ocular pressures. But 
is this justified? The circle of Hovius is a venous plexus drain- 
ing the anterior part of the choroid, the ciliary body, and the iris 
in direct continuation with the capillaries in these regions. It 
contains blood and its pressure common to other veins throughout 
the body is maintained by its capillary connection. The canal of 
Schlemm on the other hand cannot be a vein, for it has no capil- 
lary connections. It normally does not contain blood, and red cells 
are found only in conditions of venous stasis when back pressure 
forces blood into the canal from the anterior ciliary veins, its sole 
anastomosis. The canal of Schelmm must be a specialised struc- 
ture, but how its pressure is obtained is‘not clear. It must exceed 
that in the anterior ciliary veins, else the aqueous could not flow 
towards the vein, and blood would flow from the vein into the 
canal. 

Functions of the Canal of Schlemm.—The functions of the canal 
of Schlemm have been variously described and different investi- 
gators have held that the aqueous humour can reach the canal 
by a variety of methods such as pressure filtration, osmotic attrac- 
tion, by a safety-valve mechanism, and by an active absorption 
through specialised structures similar to the arachnoid villi. 

Pressure Filtration.—This would require the intra-ocular pres- 
sure to be greater than the pressure in the canal of Schlemm. 
Although the pressure in the canal of Schlemm has never been 
determined, it would seem logical to suppose that it exceeds the 
chamber pressure. The canal joins the anterior ciliary veins whose 
pressure it must exceed or blood would enter the canal, and the 
pressure in the anterior ciliary veins must exceed the chamber 
pressure, as they anastomose with the choroidal system and this 
with the retinal system. It would thus seem that a pure pressure 
filtration of aqueous humour into the canal of Schlemm is im- 
possible even under conditions of raised intra-ocular pressure. 

Osmotic Attraction.—The exponents of the dialysation theory 
must hold that there is a reciprocal ebb and flow in every capillary 
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throughout the eye as occurs in every capillary throughout the 
body. If absorption of fluid takes place at the canal of Schlemm, 
then ipso facto it must be a capillary and as such, fluid should pass | 
in the reverse direction and enter the chamber. There is no 
evidence of the first, and the second is certainly not true. Further, 
if the canal of Schlemm could attract the aqueous by osmosis it 
must do so by reason of its protein content, and this in the capillary 
is provided for by the plasma content of the blood. In no capil- 
lary, however, is it possible to have the plasma without the red 
blood corpuscle. We have seen that normally no red cells have 
been observed in the canal of Schlemm and this strongly suggests 
that the canal of Schlemm does not conform to the requirements 
of a capillary and thus cannot play any part as such in the inter- 
change of fluid by osmosis. 

The Safety-valve Mechanism.—Based on pressure relationships 
in the dog in cases of normai and raised intra-ocular pressure, it 
has been put forward that when the intra-ocular pressure rises 
to 40 mm. Hg it exceeds the pressure in the canal of Schlemm and 
an aqueous humour enters it. 

There is, however, a more serious objection to the existence of 
a safety-valve mechanism. It is known that the enucleated eye 
has a tension of 8 to 10 mm. Hg which it loses only gradually 
and a similar state of affairs exists in an animal that has been 
killed or exsanguinated. In these circumstances when the venous 
pressure falls to atmospheric pressure, one would surely have 
expected the aqueous humour to have been filtered off by hydro- 
static pressure if a safety-valve mechanism existed. Instead of 
this, however, the chamber pressure remains at 10 mm. Hg for 
some time until cellular disintegration takes place. It thus appears 
that no hydrostatic outflow can take place, and it is a far-reaching 
hypothesis to say it can take place when the difference of pressure 
is 1 mm. Hg, when it cannot do_so when the difference is 8 to 
10 mm. Hg. 

Active Absorption of the Aqueous.—As osmosis plays little part 
in the absorption of the aqueous humour at the angle of the 
anterior chamber, and as the pressure in the canal of Schlemm 
makes a hydrostatic outflow impossible, it follows that the intra- 
ocular fluids can only gain an exit by an active absorption. Two 
suggestions have been put forward. Thomson (1911) has elabor- 
ated the pump-action theory of the scleral spur and has described 
the establishment at intervals of a negative pressure in the canal 
of Schlemm following contraction of the ciliary muscle and back- 
ward displacement of the scleral process. During this negative 
pressure phase fluid enters the canal of Schlemm from the angle 


of the anterior chamber presumably by hydrostatic pressure, and 
at the same time the change in position of the canal of Schlemm 
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occludes or kinks its venous connections and back flow of blood 
from the anterior ciliary veins is prevented. At the end of the 
_ negative pressure phase the elastic fibres of the pectinate ligament 
recoil, the canal of Schlemm returns to its old position, its venous 
connections become patent and the force of the recoil drives fluid 
along to the veins. 

Wegefarth (1914-1915) considered that the absorption of the 
‘aqueous humour and cerebro-spinal fluid were analogous. He 
has described structures in the dog, bridging gaps in the scleral 
wall between the ciliary body and Descemet's membrane. These 
tufts he has maintained resemble and play a part in the passage 
of fluid similar to the arachnoid villi of the brain and he called 
them ‘‘ pectinate villi.’" He considered that drainage of aqueous 
did not take place throughout the entire circumference of the angle, 
but was limited to these irregularly placed ‘* pectinate villi.’’ In 
the dog there is no canal of Schlemm and the aqueous passes 
directly from the angle of the anterior chamber into the veins. 
In the monkey, and man, the canal of Schlemm extends in an 
unbroken circle and Wegefarth has pointed out that the scleral 
trabeculae likewise extend completely round the angle and 
form the inner wall of the canal of Schlemm. He has main- 
tained that the process of elimination of aqueous in man is the 
same as in the dog, but that the pectinate ligament, instead of 
appearing irregularly in tufts extends in an unbroken chain around 
the periphery of the anterior chamber. 

The Secretory Theory.—Evidence seems to point to the recently 
abandoned theory of secretion as being the most likely one in 
explaining the mechanism of formation of the aqueous humour. 
It gave way to the theory of dialysis, whose supporters maintained 
that there was no evidence that work was done or energy was 
expended in the formation of the aqueous, and that the intra- 
ocular fluid was in thermo-dynamical equilibrium with the 
capillary blood. Careful examination of the literature and experi- 
mental work forces one to conclude that there must necessarily 
be an expenditure of energy in aqueous formation. It also shows 
that there is no chemical equilibrium between the aqueous and the 
blood plasma and that the aqueous humour does not behave like 
a dialysate because it fails to respond adequately to variations in 
the osmotic pressure of the blood. 


Conclusions 


The views put forward in favour of dialysis for the production 
of the intra-ocular fluids have been carefully investigated, and it 
is suggested that the evidence is unconvincing. 

There is ample evidence to show that in the production of the 
aqueous humour there must be an expenditure of energy in the 
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posterior chamber, for the membrane through which fluid passes 
into the chamber to become aqueous has an irreversible perme- 
ability. 

There is evidence to show that there is no chemical equilibrium 
between the blood and aqueous humour. Easily diffusible con- 
stituents such as urea, sugar, uric acid, are not present in equal 
concentrations in blood compared with the corresponding aqueous. 

There is evidence that a physical equilibrium does not exist 
between blood and aqueous and that the equilibrium level of the 
intra-ocular pressure is not maintained by the hydrostatic force 
in the capillaries minus the difference in osmotic pressure between 
the aqueous and blood. 

It is suggested that the evidence chemical, hydrostatic and 
osmotic points to the formation of the aqueous humour by a pro- 
cess of secretion, and in addition there is evidence of the necessity 
for the expenditure of energy in its formation. 


Summary 


The formation of aqueous humour is held to take place by a 
process of secretion at the ciliary body, and this fluid to move 
forward to thé angle of the anterior chamber and to be actively 
absorbed into the canal of Schlemm by some process other than 
osmosis. 
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ANNOTATION 


ANNOTATION 


Broadcasting and Medicine 


Recently the B.B.C. has arranged a series of short addresses on 
medical matters, the object of these being to acquaint the lay public 
with important facts regarding preventive medicine, hygiene, diet 
and the serious significance of some of the symptoms and physical 
signs in certain diseases. 

Among this series a broadcast has been given on the subject of 
squint. It seems that much good could be done and some harm 
prevented by presenting to the public in plain and simple terms the 
important facts about diseases which, because of their insidious 
onset may be neglected or receive improper attention. In ophthal- 
mology glaucoma, squint, intracranial diseases causing visual 
disturbances, vascular disorders such as transient closure of the 
central retinal artery, the toxic amblyopias, retinal detachment and 
the causes of gradual loss of sight in other diseases would afford 
material for broadcasts. 

It seems from the response to these talks that a proportion of 
the public desire correct information on important matters of 
health. If these broadcasts are to be continued and extended it 
will obviously be desirable to have them carefully controlled and 
supervised. It would be well to have the material edited by a 
medical board and for it to be in a form that is simple, direct and 
would be readily understood by the laity. For obvious ethical 
reasons the identity of the medical broadcaster should remain 
anonymous to the public, therapeutic advice should not be given 
and any correspondence which might follow a broadcast should not 
be answered by the broadcaster. The dangers of the laity under- 
taking self treatment without having had a medical examination 
and the hazards of conducting affairs of health by correspondence 
are obvious. 

Broadcasting has come to occupy an important place in the life 
of the people and could be undoubtedly a strong instrument in 
shaping public opinion. It may well be of service-in influencing 
public health and in educating the people to seek proper medical 
advice on matters of serious significance. And it would prevent much 
avoidable suffering and irremediable loss of structure and function 
from disease that has been allowed to continue untreated. To some 
extent such broadcasts might afford a useful weapon with which to 
combat the pseudo-science and the sensational and untruthful 
rubbish which is written about medical discoveries and treatment 
in the popular press. 
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ABSTRACTS 
I.—_RETINA 


(1) Fuchs, A. (Vienna).—Retinal cysts and the origin of retinal 
holes. (Ueber Netzhautzysten und ueber Entstehung von 
Netzhautlochern). Klin. Monatsbl. f. Augenheilk., February, 
1937. 

(1) In Fuchs’ opinion there is no anatomical difference 
between retinal cysts and retinal holes, both being associated with 
an accumulation of fluid in the retina, usually between the inner 
nuclear layer and the neuro-epithelium. He quotes several cases 
of cysts and states how rarely they are diagnosed clinically. He 
describes a case observed for many years by his father, in which 
a retinal cyst appeared suddenly, persisted for 19 years, and then 
disappeared in old age. The other eye had a cyst which was 
observed for 8 years, and also disappeared. It was diag- 
nosed by its marked transparency, and by the fact that no folds or 
other traces were left in the retina after its disappearance. The 
author considers these cases important as evidence against the 
theory that a cyst necessarily leads on to detachment. He, more- 
over, noticed certain anomalies in the retinal vessels in this case 
which were suggestive of von Hippel’s disease, and since they 
were bilateral they may have been congenital. He discusses the 
theories of origin of retinal holes, and emphasises the fact that 
the vascular condition of the retina may be primarily at fault, 
causing a disturbance in nutrition. In support of this, he 
describes sections from a case of high myopia, in which the retina 
shows at various points, marked thinning and atrophy in the 
immediate neighbourhood of a thickened blood vessel. Holes in 
the equatorial region are likely to be caused in this way, but those 
in the periphery are more probably due to traction. 


D. R. CAMPBELL. 


(2) Marshall, J. Cole (London).—Operations for detachment of 
the retina. (The Middlemore Lecture.) The Birmingham 
Medical Review, Vol. X1I (New Series), No. 1, p. 40, 1937. 

(2) Cole Marshall delivered the Middlemore Lecture for 
1935 on operations for detachment of the retina. He paid a 
tribute to the late Professor Jules Gonin whose contribution to the 
successful surgical treatment of this disorder has made ophthalmic 
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history. The author comments that Gonin’s operation performed 
with careful attention to technical detail is still capable of pro- 
ducing good results in spite of its replacement by newer methods. 
Other techniques such as Vogt’s galvano-cautery, Lindner-Guist 
chemical method, and the various types of surgical diathermy 
elaborated by Larsson, Weve and Safar are reviewed. 

The author describes his own technique. The following features 
are of particular interest in this. A careful and thorough pre- 
liminary examination with the preparation of a drawing of the 
fundus and the transposition of these findings on to a chart of the 
outer surface of the eye, marking the relationship of the retinal 
tear to the extra-ocular muscles, venae vorticosae and other struc- 
tures. One hour before operation a subcutaneous injection of 
cibalgin is given and half an hour before operation a suppository 
of nautisan is administered and the author claims that this allays 
‘‘after sickness.’’ Pantocaine 0:5 per cent. and a novocaine injec- 
tion into Tenon’s capsule are used as a local anaesthetic. He uses 
a Weve or Safar one point needle, sometimes 1:5 or 3 mm. long 
according to the nature of the case. A current strength of 30 to 
50 milliampéres is employed for 1 or 2 seconds. Larsson’s surface 
diathermy is in some cases used in addition. 

In re-uniting a divided muscle the author advises that the 
assistant brings the muscle end up to the insertion before the 
sutures are tied. He closes the conjunctival incision with a con- 
tinuous silk suture, instils atropine and argyrol 20 per cent., 


applies a light pad and Hess’s shield and bandages both eyes. 

There are several post-operative nursing details described by the 
author which are of considerable practical value. Methods of 
sterilising Weve and Safar’s points are described. 


H. B. STALLARD. 


(3) Kamogawa, A. (Tokyo).—Changes in the blood pressure in 
the central artery of the retina following changes in the 
bodily posture of the healthy individual. First communication. 
(Ueber die Blutdruckveranderungen in der Centralarterie 
der Netzhaut durch Lagewechsel des Korpers bei gesunden 
Menschen. 1. Mittelung). Klin. Monatsbl. f. Augenheilk., Vol. 
XCVII, p. 611, 1936. 

(3) Kamogawa employing the ophthalmodynamometer of 
Uyenura and Suganuma, measured the pressure in the central 
artery of the retina as also in the brachial artery in 30 healthy 
individuals both in the horizontal and in the vertical position. On 
changing from the latter into the former position he found that 
the average central artery diastolic pressure of 38:8 mm. and 
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systolic pressure of 57:3 mm. increased by 11:3 mm. and 13-4 mm. 
respectively; the brachial arterial pressure showed but little 
change. The weight of the blood, changed distribution of the 
blood and changes in vascular tone are advanced as explanations 
for the changes observed in the pressure of the retinal vessels. 


ARNOLD SoRSBY. 


(4) Jean-Sédan and Jayle, Gaetan E. (Marseille).—Spasm of the 
central artery. (Considérations sur les spasmes de Il’artere 
centrale de la rétine). Ann. d’Ocul., Vol. CLXXIII, August, 
1936, p. 609 and November, 1936, p. 865, Vol. CLXXIV, February, 
1937, p. 73. 

(4) Jean-Sédan and Jayle give a systematic survey of this 
topic on eighty-seven pages, nine and a half of which are filled 
with references. The grouping is made according to the duration 
of the spasms and according to their occurrence in healthy people 
or in patients suffering from general or local disturbances of their 
circulation. A group of transient spasms for which no cause could 
be made responsible has been labelled ‘‘ retinal migraine.’’ Under 
the heading ‘‘ Long lasting visual disorders of spastic origin ”’ 
only the group which shows the appearance of embolism is recog- 
nised as having a spastic genesis. There is no evidence for this 
aetiology in cases presenting the picture of simple atrophy, 
papillitis, retrobulbar neuritis or retinitis pigmentosa. A spasm 
can never be “‘ essential ’’ but will only occur as a sequel to a 
general or local disturbance. Causes for spasm in people with a 
healthy circulation are intestinal auto-intoxication, toxic agents as 
coffee and tobacco, endocrine disorders, epilepsy, dental and nasal 
affections. The spasm in these cases is usually transient, some- 
times, however, it may persist and lead to serious impairment of 
the visual function. In patients suffering from disorders of the 
circulation the spasm can. be due to arterial changes, to hyper- 
and hypotension. The spasms occurring in Raynaud’s disease 
have not to be classified among functional disorders, as lesions 
in the arterioles are always present. Ocular affections which may 
bring on a spasm of the central artery are thrombosis of the central 
vein, glaucoma and myopia. 

It is surprising how frequently French ophthalmologists have 
recorded spasm of the central artery while it is rather a rare 
occurrence to see such a condition in this country. 


HUMPHREY NEAME. 
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(5) Marucci (Pavia).—Vascular spasm of the retinal vessels. 
(Gli angiospasmi della retina). Ann. di Ottal., October, 1936. 

(5) Marucci records a case of a primipara who, after pro- 
longed lactation, suddenly lost her sight. In both eyes the failure 
came on rapidly and was accompanied by marked oedema of the 
papilla and the neighbourhood, sufficient to hide the vessels in 
part; the veins were full and tortuous; the arteries pale. In the 
left eye there was a single haemorrhage. Under treatment by 
injections of acetylcholine there was early improvement ; the con- 
dition of the patient led the author to suspect some endocrinal 
deficiency ; examination showed hypoplasia of the ovaries and the 
author was advised to give “‘ cristollovar.’”? Under this new treat- 
ment, improvement was more rapid, and eventually practically 
normal acuity was recovered in each eye; the disc of the right eye 
remained slightly pale. He concludes that the loss was due to 
spasm of the vessels caused by endocrinal disturbance and 


especially to ovarian disfunction. 
HAROLD GRIMSDALE. 








II.—_ MISCELLANEOUS 


(1) Voelkel, R. (Freiburg).—Symmetrical orbital tumours. (Zur 
Frage der symmetrischen Orbitaltumoren. Klin. Monatsbl. 
f. Augenheilk., February, 1937. 

(1) Relatively few cases of bilateral orbital tumour have been 
recorded. Voelkel describes two cases in which exophthalmos 
was the first sign of a tumour related to general disease, and in 
which biopsy materially aided the diagnosis. The first was a 
slowly-growing retrobulbar tumour, in which removal gave 
mechanical relief. It was associated with blood changes which 
suggested a malignant granuloma. The second appeared first 
clinically as amyloid infiltration of the conjunctiva, but was found 
to be part of a general lymphatic disease which eventually led to 


the death of the patient. 
D. R. CAMPBELL. 


(2) Asayama, R. and Takagi, A. (Kioto, Japan).—The occurrence 
of lipoids in the pigment epithelium in retinitis pigmentosa. 
(Ueber das Auftreten von Lipoid in Pigmentepithel bei 
Retinitis pigmentosa). Klin. Monatsbl. f. Augenheilk., February, 
1937. 


(2) Asayama and Takagi made a histological investigation 
of an eye with retinitis pigmentosa, which became blind through 
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glaucoma simplex. In addition to the glaucomatous atrophy of 
the optic nerve, and some oedema of the choroid, they noticed the 
characteristic changes in the retina and pigment epithelium. In 
the degenerate cells of the latter, which had migrated into the 
retina, they found actual lipoid granules, and free fatty acid, the 
granules being distinct from the so-called Fuchsin bodies. This 
granular degeneration must disturb the production of visual purple 
and be a closely related cause of the hemeralopia. The diffuse 
fatty degeneration described by some authors did not occur in this 
case. There were nodules of calcification in the vitreous and in 
the epithelium, probably the result of some chronic degeneration. 


D. R. CAMPBELL. 


(3) Brecher, I. (Roumania).—A new simplified marginoplastic 
operation for trichiasis. (Ueber ein neues vereinfachtes mar- 
ginoplastisches Operations-verfahren der Trichiasis). Klin. 
Monatsbl. f. Augenheilk., February, 1937. 

(3) Brecher describes an operation which is simple and quick 
to perform. <A piece of membrane—the lining from the shell of 
a hen’s egg is folded to the breadth of 4-6 mm. and is imbedded 
in an incision 8-10 mm. deep in the margin of the lid, 
immediately in front of the tarsal plate. The edges of 
the wound are trimmed and sutured together by stitches which 
pass also through the graft. The inner and outer ends of the latter 
are buried well in the corners of the incision. The graft is treated 
with 1 per cent. chloramin before use, and should remain in the 
lid, giving an eversion of 30-50 degrees. If, however, it is 
extruded, as occasionally happens, it sets up a local fibrosis which 
also gives a good cosmetic result. The operation has an additional 
advantage that the graft does not have to be obtained from the 
patient. 

D. R. CAMPBELL. 


(4) Schmidt, R. (Freiburg).—Vertical reading. (Ueber das Verti- 
kallesen). Klin. Monatsbl. f. Augenheilk., February, 1937. 

(4) Schmidt describes the case of an albino with hyper- 
metropic astigmatism, and nystagmus of about 150 oscillations a 
minute, who could read fine print only if he held it vertically. 
If the test-type was restored to the normal horizontal position he 
compensated by tilting his head 45° to the right. He wrote 
normally in a.line from left to right. 

The author tested the legibility of oscillating test-prints, and 
found with a normal individual, it was still legible with a vertical 
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oscillation of 150 per minute, whereas the speed had to be reduced 
to about 50 per minute in the horizontal direction. He considers 
that the cases of nystagmus which show marked defect in vision 
are those whose eyes oscillate at a speed of 120 per minute or over. 


D. R. CAMPBELL. 


(5) Bailliart, P. (Paris)—Some considerations on the clinical 
measurements of the ocular tension. (Quelques considération 
sur la mesure clinique de la tension oculaire). Amn. d’Ocul., 
Vol. CLXXIII, p. 945, December, 1936. 

(5) Bailliart deals with the well established conditions 
which influence tonometric readings and allow only a relative 
value to be attributed to the results of tonometry. A tonometer 
which operates with a heavy weight and a small amplitude of the 
scale is unsuitable. The instrument has to be delicate and should 
indicate the systolic and diastolic oscillations of the tension. 
Accordingly, the maximum and minimum tension have to be 
noted. The oscillations become smaller when the difference 
between the arterial and ocular tension increases. The author 
does not credit Lauber and his pupils for having first stressed the 
role of the arterial pressure in overcoming an increased ocular 
pressure and compensating in this way a glaucomatous condition. 
He believes it a good clinical rule to consider the ocular circulation 
at a danger point when the diastolic blood pressure is not at least 
twice as high as the ocular pressure. However, the obstacles to 
the arterial inflow increase considerably if changes in the ocular 
vessels are present. These changes account more than the height 
of the intra-ocular pressure for a disastrous ischaemia of the retinal 
capillaries. 

HUMPHREY NEAME. 


(6) Wakeley, Cecil P. G. (London). — The surgery of the para- 
pituitary region. Medical Press and Circular, April 14, 1937. 

(6) Wakeley here prints his Hunterian lecture of January 29, 
1937. It is of great interest to ophthalmologists. His first case 
was one of a cystic tumour behind the left optic nerve. The man 
had steadily refused operation for years but accepted it at the last 
moment. He stood the operation well but died within a week. At 
post-mortem an aneurysm of the anterior communicating artery was 
found. The author’s comment is that it is of interest to note how a 
slowly developing aneurysm may simulate a tumour in the region 


of the pituitary gland. 


Wakeley next deals with tumours of the pituitary gland. He 
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describes chromophobe adenomata, eosinophil adenomata, basophil 
adenomata. Next he deals with craniopharyngiomata and cysts of 
Rathke’s pouch, tumours of the tuberculum sellae and lesser wing 
of the sphenoid, tumours of the optic nerve, suprasellar teratomata 
and secondary carcinomatous tumours. 

The paper is admirably illustrated with 23 pictures and diagrams. 
Of these the ophthalmologist will be particularly interested in Fig. 9 
of a large chromophobe adenoma of the pituitary causing compression 
of the optic nerve and destruction of the pituitary gland; Fig. 13, 
of craniopharyngioma, suprase)lar, and causing pressure on the 
hypothalamus; and Fig. 19 of a glioma of the optic nerve; while 
Figs. 21, 22 show a meningioma growing from the tuberculum 
sellae and causing distortion of the optic nerve. 

The paper ends with a table giving a survey of sixty cases of 
para-pituitary tumours nearly all of which underwent operative 
treatment, with very good results. It is one which should be read 


in the original. 


R.R. J. 


(7) Thomas, Roy (Swansea).—A clinical note on the treatment 
of secondary optic atrophy. Medical Press and Circular, 
April 14, 1937. 

(7) Roy Thomas records four cases of interstitial atrophy of the 


optic nerve treated by padutin (Bayer). ‘Although some success 
had followed injections of acetylcholine, padutin was tried chiefly 
owing to the fact that it could be given by the mouth.” The dose 
is eight drops twice a day, as a rule, for a fortnight, followed by a 
week’s interval without treatment. The course, with rest periods, 
is repeated if necessary. The drug is a vasodilator and is obtained 
from the pancreas, and standardized in biological units. 

It will not dialyse through parchment and is inactivated by 
boiling. The cases treated were most of them aged and considerable 
improvement of central acuity has resulted, as well as enlargement 
of the contracted field. In one case vision improved from 6/60 to 
6/18, and in another form perception of large objects to 6/12 and J.2. 

The paper is quite a short one but well worthy of perusal in the 
original. 

R.R. J. 


(8) Sorsby, Arnold (London).—The origin and development of 
White Oak Hospital. L.C.C. Annual Report, Vol. IV, Part III, 
1935 (Medical Supplement). 

(8) Sorsby’s article reviews the problems concerning the care of 
children under the poor-law authorities from 1766, the date of the 





MISCELLANEOUS 457 


Hanaway Act. This provided that children under six years of age 
were to be sent to the country at a distance of three or more miles. 
Elder children were “generally kept in the workhouse, mixing freely 
with inmates of all types and character, and receiving little or no 
education or training to fit them for an independent and useful life.” 

The Poor-Law Act of 1834 introduced reforms. These aimed “at 
extending the system of indoor relief as against that of outdoor 
relief, with the consequent transfer of whole families to the work- 
house.” Kay, later Sir J. P. Kay-Shuttleworth, in 1839 estimated 
the number of workhouse children requiring schooling at 50,000. 
Kay urged the removal of children from the workhouses. It must 
be remembered that until after 1870 there was no system of national 
education; but poor-law schools, specially built, as advocated by 
Kay, were certainly an improvement on the lack of teaching at 
the workhouses. The expense involved was, however, heavy and 
arrangements by which children were sent to boarding-out schools 
run by private contractors for gain, was adopted by some authorities. 
Some awful results occurred in 1849 in an outbreak of cholera; 
another owner of such a school was tried for manslaughter. These 
events speeded up the building of schools to which children from 
the different parishes could be sent. Eighteen poor-law schools 
were built between 1849 and 1887. Sorsby goes fully into the 
problem of ophthalmia in poor-law schools. He notes the work of 
Macgregor in an outbreak at the Royal Military Asylum in 1804; 
and proceeds through the important reports of Mouat, 1873. 
Bridges (1874), Nettleship (1875), Littlejohn (1888), and 
Stephenson (1897). 


“In the Metropolitan Asylums Board, the Local Government 
Board found the central metropolitan authority willing to take the 
supervision of poor-law children requiring special care and the 
necessary powers were conferred on that body by a Local Govern- 
ment Board order of April 2, 1897.” 

At last events moved rapidly. On May 22, 1897, the M.A.B. 
adopted a resolution of their sub-committee that isolation accom- 
modation should be provided for 800 children in three institutions, 
which were capable of expansion. And on November 23 the estate at 
Brentwood, and by December 18, that at Swanley had been bought. 

Sorsby rightly points out that it was the erection of the temporary 
isolation school at Hanwell in 1889 that marks the beginning of the 
decline of ophthalmia in poor-law schools. But Brentwood and 
Swanley put the coping stone on the matter. A table between the 
years 1903 and 1918 shows the total admissions and the number of 
cases of trachoma, as the years went by. For instance in 1903 at 
White Oak hospital there were 292 cases of trachoma. In 1914 at 
White Oak and High Wood, numbers had sunk to 47. 
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High Wood was closed in 1918 and White Oak henceforth served 
as the only hospital for the isolation and treatment of contagious 
ophthalmia. 

A second table for the years 1919 to 1936 shows the total 
admissions, and the number of cases of trachoma, phlyctenular 
ophthalmia and interstitial keratitis. Fourteen cases of trachoma 
appear in 1919; 37, in 1923; 201, in 1924; 47, in 1925; 42, in 
1930; and 10, in 1936. The figures for phlyctenular ophthalmia 
vary between 16 and 130; there being 89 cases in 1936. Interstitial 
keratitis first appeared on the lists in 1923, with 2 cases; the 
highest number of cases so far recorded is 42, in 1929; and in 
1936, there were 29. 

A valuable bibliography concludes a paper of the greatest interest. 
We regret that in the interest of economy of space we have had to 
give only a very bare abstract of its contents. 

R.R. J. 








BOOK NOTICE 


The Ocular Fundus in Diagnosis and Treatment. By DonaLp T. 
ATKINSON. Pp. 142. Illustrations, 106 including 58 coloured 
plates. London: Henry Kimpton. 1937. Price, 45s. 


The author’s intention has been to show the importance of 
ophthalmology in general medicine and to describe the practical 
application of the ophthalmoscope. The text has been condensed 
to make room for many illustrations which have been made by the 
author himself. Although in many instances these lack the finish 
and finer points shown in the work of a professional artist they at 
least afford a good example of what can be done by an ophthalmic 
surgeon. The author stresses the importance of drawing as a 
substitute for verbal descriptions. 

The book contains chapters on the ophthalmoscope ; the normal 
fundus; retinal vessels; optic nerve; vitreous, retina, choroid and 
the usual ophthalmoscopic manifestations in special diseases; there 
is also an index and a collection of 58 coloured plates, each 
accompanied by a legend. 

There are a number of descriptive inaccuracies and several 
important omissions. The following is part of the author’s 
description of the ophthalmoscope: “ Reduced to its simplest form, 
the ophthalmoscope is no more than a mirror, set at an angle, with 
an opening in its centre through which light enters the patient’s 
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eye; and on being reflected backward, the light is received by the 
examiner’s eye with sufficient intensity to create an image.” 


On page 38 in discussing the tortuosity of the retinal vessels he 
comments that ‘straight vessels are apt to be normal vessels.” 
Friedenwald has shown that straightness of the retinal vessels with 
branches coming off at acute angles is a pathological manifestation 
associated with arteriosclerosis. In discussing the causes of dark- 
ness of the retinal vessels Vaquez’s disease has been omitted, and 
in the section dealing with the aetiology of retrobulbar neuritis 
disseminated sclerosis receives no mention, and Leber’s disease is 
omitted from the causes of optic atrophy. 


Some ophthalmic surgeons would not agree with the statement 
that in the treatment of syphilitic lesions of the optic nerve anti- 
luetic measures should be vigorously administered. The description 
of glioma gives the reader the impression that glioma occurs only 
as a single nodule and that this is a point of differential diagnosis 
from miliary tubercles which are multiple, no mention being made 
' that multiple nodules of glioma are not infrequent. The pathology 
of this neoplasm is inaccurately set out and the coloured illustration 
of it could by no means be recognized as a typical example. 

The coloured plates of angeoid streaks, retinitis juxta-papillaris 
and coloboma of the optic nerve in the reviewer’s opinion do not 
afford the reader typical pictures of these diseases. 

The book is well produced, the print being large and easily 
readable and the illustrations clear. 








CORRESPONDENCE 


BROADCASTS ON OPHTHALMOLOGICAL 
SUBJECTS 


To the Editors of THE BRITISH JOURNAL OF OPHTHALMOLOGY. 


DEAR S1RS,—A broadcast talk was given anonymously on 
February 27 (National and London Regional) on ‘“‘ The Squinting 
Child.” It was one of a series of medical talks entitled “‘ Take it in 
Time.” I should be grateful for information about the response to 
this as regards patients attending hospital, or privately, as the result 
of “ What the doctor said on the wireless?” Medical talks in 
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general are undoubtedly popular with many people, but the B.B.C. 
are interested in any evidence showing that such talks have a 


good effect. 
Yours faithfully, 


THEODORE H. WHITTINGTON, 
146, HARLEY STREET, W.1 
May 27, 1937. 








OBITUARY 


N. C. RIDLEY 


Ophthalmology in the Midlands and more especially some of his 
nearest and dearest friends in that profession have suffered a great 
and irretrievable loss in the passing of Mr. N. C. Ridley of Leicester. 
For over forty years he had conducted one of the largest practices 
in the Midlands with great honour and distinction to himself and 
has given of his best to many thousands of patients, to whom his 
name was a household word and who will never cease to remember 
the benefits they received from his exceptional skill and long 
experience. His invariable and infectious cheerfulness during a 
long life of bodily affliction was an example to us all, and those 
who knew him intimately were astonished at his pluck in face of 
all his disabilities. He was perhaps best known to the members of 
the Oxford Ophthalmological Congress where his genial presence 
will be very much missed. 

He was a founder and an original member of the Council of the 
Congress, and he never, by any chance, missed the Annual Meeting. 
He was also a founder and Past President (1915-1917) of the 
Midland Ophthalmological Society and the members of that Society 
have reason to be grateful to him for providing many excellent 
meetings at Leicester. 

Nicholas Charles Ridley was born April 6, 1863, the eldest son of 
the Rev. Charles George Ridley, Vicar of Bratoft, Lincolnshire. He 
was educated at Boston and proceeded to St. Mary’s Hospital, 
where he qualified and then acted as House Surgeon to the late 
Mr. Edmund Owen. He entered the Navy as Surgeon, being 
second out of 40 examined, but unfortunately after a few years’ 
service was invalided out, on account of ankylosis of a knee due to 
pyogenic infection following fever. 

He then specialized in ophthalmology and became Clinical 
Assistant to Mr. Silcock at Moorfields, afterwards becoming tem- 
porary Curator for five months in the absence of Mr. Treacher 





Ramsden, Leicester 


N. C. RIDLEY 
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Collins. Succeeding Mr. Hodges at Leicester, he passed the 
primary and final F.R.C.S.Eng. within six months and was 
appointed Ophthalmic Surgeon to Leicester Royal Infirmary where 
he was the sole Ophthalmic Surgeon for 28 years. 

He was very fond of yachting and frequently accompanied the 
late Devereux Marshall in his cruises. At the outbreak of the 
Great War he volunteered for active service but was refused on 
account of his disability. 

He died in harness, as he would have wished to die, on June 8, 
1937, the cause of death being cerebral haemorrhage. He was 
74 years old. He left two sons, Mr. Harold Ridley who practises 
as an Ophthalmic Surgeon and Mr. N. C. A. Ridley who is in the 
Colonial Service in Rhodesia. 








NOTES 


Str H. LINDO FERGUSON, C.M.G., M.D., 
has been promoted Commander of the Order 
of St. John of Jerusalem. 


Honour 


* * * * 


PROFESSOR TERRIEN announces the cus- 
tomary Autumn course in surgery at the Hétel 
Dieu. This starts on October 15 and consists of twelve sessions, 
with a course of operative surgery, practical demonstrations and a 
visit to the Radium Institute. A certificate will be awarded to each 
pupil at the end of the course. 


Surgical Course 








FUTURE ARRANGEMENTS 


1937 
October 1-—Midland Ophthalmological Society, at the Eye Hospital, 
Birmingham (Annual Meeting). 


December 7.—Midland Ophthalmological Society, at Birmingham 
Eye Hospital (Middlemore Lecture). 
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CONTEMPORARY OPHTHALMIC LITERATURE 


‘Archives of Ophthalmology. May, 1937. 


BENDER and Strauss. Defects in visual field of one eye only in patients with a 
lesion of one optic radiation. 

REGAN. Astigmatic dials in refined refraction. 

FELDMAN. PH and buffers in relation to ophthalmology. 

COHEN. Lesions of the fundus in polycythemia: report of cases. 

BurRTON CHANCE. Short studies of the history of ophthalmology. IV. Sir Clifford 
Allbutt, the apostle of ophthalmoscopy. 

ROBERTSON. Effect of fatigue on the adjustment of the eye to near and far vision. 

LamB. Anterior capsular cataract: an example of true metaplasia. 

FREIBERGER. Thegold ballimplant: some essential features in operative technique. 

GIFFORD and PUNTENNEY. Coralliform cataract and a new form of congenital 
cataract with crystals in the lens. 


June, 1937. 


WEEks. Relation of the sympathetic nervous system to diseases of the eye, with 
regard to surgical procedures. 

LANCASTER. Physiology of disturbances of ocular motility. 

COHEN. Lesion of the fundus in essential hypertension and in arterial and renal 
diseases. 

HuGHEs. A new method of rebuilding a lower lid: report of a case. 

MEHNEY. Naevus flammeus associated with glaucoma: report of a case. 

BocKOVEN and Witcox. Significance of retinal fatigue in the study of general 
and nervous diseases. 

SAMUELS. Glaucoma and sympathetic ophthalmia. 

KEYEs and GOLDBLATT. Experimental hypertension: IV. Clinical and pathologic 
studies of the eyes; a preliminary report. 

SCHLIVEK. Ocular manifestations of malignant nasopharyngeal tumours: report 
of cases. 

BoTHMAN. Repair of rupture of the wound after extraction of cataract: report 


of cases. 
HuBERT. Diagnostic significance of epinephrine instilled into conjunctival sacs. 


SELINGER. Treatment of dendritic keratitis with quinine bisulphate. 


Annales d’Oculistique. June, 1937. 


MaGitTor. Ocular pain. 
NizeTic. Anaesthesia by sodium evipan in ocular surgery. 


Revue Internationale du Trachome. April, 1937. 


SEDAN. Contagion of trachoma from a clinical point of view. 

CuENop and NataF. Experimental researches on the contagiousness of trachoma. 
CuENop and NaTaF. Researches on the aetiology and pathogenesis of trachoma. 
TRANTAS. Some clinical questions concerning trachoma. 





CONTEMPORARY OPHTHALMIC LITERATURE 


Archiv fiir Ophthalmologie. June, 1937. 


LINDNER. The vitreous humour clinic. Vitreous humour and retinal detachment. 

ScHIECK. The ophthalmoscopic diagnosis of papilloedema. 

SCHMELZER. Leber’s optic atrophy and subsequent disasters. 

MIKLOs. Anterior orbital cephalocele. 

NAKAMURA and UcuHIDA. Prophylactic treatment of sympathetic ophthalmitis. 

KoyANAGI and KINUKAWA. Homogeneous changes of the retinal pigment epithelium 
and of the renal tubular epithelium in various poisons. (Contribution to 
the pathogenesis of albuminuric retinitis.) 

OuM. Nystagmus. 

NORDENSON. The new theory of non-astigmatic spectacle glass. 

SpaNic. The theory of syphilitic conjunctivitis. 

UyaMaA. Characteristic structure of the retina of human eyes. 


Zeitschrift fur Augenheilkunde. May, 1937. 


RINTELEN. Lid deformity from elephantiasis, also a contribution to the knowledge 
of the Touraine-Solente-Golé osteo-dermopathic syndrome. 

RoLLin. Neuro-dermic cataract. 

HAMBURGER. The formation of an abnormal supernumerary layer in the develop- 
ment of the lacrymal canaliculus. 

GARDILCIcC. Perineuritis and periarteritis ciliaris in a recent case of herpes zoster 
ophthalmicus. 


Acta Ophthalmologia. Vol. XV, Fasc. 2. 


BrOns. Physiological irradiation, or propagation, as a cause of the negative after- 
images. 

DALSGAARD-NIELSEN. Glaucoma-like cupping of the optic disc and its aetiology. 

GERTZ. New form of reduction of the dioptric formulae, 

JENSEN. Malignant teratoid tumour in the hypophyseal region. 

LUNDBERG. A case of traumatic cyst of the iris. 

MusyLEv. Visual acuity and receding objects. 

LADEKARL. Thrombosis of the cavernous sinus. 

Hot. A case of sarcoid of Boeck. 

Boje. A case of ring sarcoma of the iris and ciliary body. 


Archivio di Ottalmologia. February, 1937. 


VENcO. Direct traumatic lesions of the oculo-motor muscles. 
SPINELLI. The diverticuli of the lacrymal sac with special regard to radiological 
investigation. 


Bollettino d’Oculistica. April, 1937. 


FEDERICI, Vitamins A and D in the processes of corneal repair. 
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